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ACOUSTIC  VIBRATION  OF  STRUCTURES  IN  LIQUIDS 


D.  Firth  * 


Abstract  - This  article  outlines  the  physics  of  the 
vibration  of  an  elastic  structure  excited  by  sound 
waves  in  a liquid  in  contact  with  the  structure.  The 
historical  background  is  summarized,  and  some 
recent  literature  is  described.  Examples  include 
plates,  ducts,  and  complicated  engineering  systems. 
Possible  future  developments  are  suggested. 


The  dynamic  response  of  a vibrating  elastic  structure 
in  contact  with  a fluid  is  changed  by  the  fluid  loading 
and  radiation  damping.  Various  excitation  phe- 
nomena are  possible.  A structure  will  vibrate  in 
response  to  boundary  layer  turbulence  in  the  moving 
fluid  or  as  a result  of  flow-dependent  fluid-elastic 
instabilities.  Another  possible  source  of  excitation 
is  a sound  field  in  the  fluid,  for  example,  sound  due 
to  circulating  pumps  in  heating  and  ventilating  sys- 
tems or  in  nuclear  reactors. 

The  sound  field  is  modified  by  the  structure,  and  the 
elastic  motion  of  the  structure  is  modified  by  the 
fluid.  The  problem  has  characteristics  of  both  acous- 
tics and  elasticity.  An  important  parameter  in  deter- 
mining the  strength  of  the  interaction  is  the  specific 
acoustic  impedance  of  the  fluid  and  the  structural 
material  properties.  Specific  acoustic  impedance  is 
defined  as  the  product  of  the  density  and  the  longi- 
tudinal v/ave  speed  (speed  of  sound).  The  value  for 
air  is  4 X 10^  Kg-m~^-S~'  , for  water  2 X 10* 
Kg-m''^-S~'  , and  for  stainless  steel  4 X 10^  Kg 
-m~^-S”'.  The  acoustic-structure  interaction  is 
stronger  as  the  ratio  of  the  impedances  approaches 
unity.  If  the  fluid  is  a gas.  the  acoustic-structure 
interaction  is  weak  in  most  situations,  and  the  deter 
rnination  of  the  acoustic  pressures  and  structural 
response  can  be  solved  independently  If  the  fluid 
is  a liquid,  the  acoustic-structure  interaction  is  strong, 
and  the  system  must  be  solved  simultaneously. 

This  review  describes  liquid-loaded  systems.  Either 
the  source  of  excitation  is  an  acoustic  wave  in  the 
fluid  or  the  acoustic  behavior  of  the  fluid  is  an 
important  part  of  the  problem. 


HISTORICAL  BACKGROUND 

The  acoustic  pressure  field  at  the  surface  of  a flexible 
structure  can  be  separated  into  three  components; 
the  incident  field  (Pi)  in  the  absence  of  any  structure: 
the  rigid-scattered  field  (Ps)  due  to  the  presence  of 
the  structural  surface,  assumed  rigid;  and  the  radiated 
field  (Pr)  due  to  the  motion  of  the  structural  surface 
that  occurs  during  vibration  (excluding  incident  and 
rigid-scattered  fields).  The  sum  Pi  -t  Ps  is  sometirres 
called  the  blocked  pressure  field  (Pb).  It  satisfies  the 
condition  of  zero  particle  velocity  normal  to  the 
rigid  surface. 

The  equation  of  forced  motion  of  a structure  can  be 
written 

L(u)  = Pi  -t  Ps  + Pr 

L,  a linear  operator  on  the  normal  displacement  u, 
corresponds  to  the  appropriate  differential  equation 
for  the  structural  motion.  Away  from  the  structure, 
the  pressure  fields  must  satisfy  the  wave  equation. 

In  most  cases,  a further  requirement  is  that  no 
cavitation  takes  place  at  the  interface,  the  fluid  and 
the  structure  remain  in  contact.  Hence  the  normal 
derivative  of  (Pi  -t  Ps  + Pr)  equals  the  negative  of  the 
product  of  the  fluid  density  (y>),  and  the  normal 
acceleration  of  the  structure; 

9 9^  u 

(Pi  -t  Ps  + Pr)  = - y;  

9n  9t^ 

An  early  simplification  of  the  problem  was  to  approx- 
imate the  elastic  structure  by  a simple  harmonic 
oscillator.  This  approach  was  used  by  Rayleigh  |1), 
who  considered  a spring-loaded  piston  in  a baffle. 
He  was  able  to  show  that  the  presence  ot  the  fluid 
decreased  the  resonant  frequency  of  the  piston  and 
increasni  the  damping.  Stokes  !2J  provided  the 
explanation  for  the  increase  in  damping  and  argued  in 
detail  that  the  frequency  of  oscillation  is  important 
in  determining  whether  or  not  the  fluid  ran  he 
treated  as  incompressible 
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Lamb  [3]  used  the  incompressible  approximation 
to  study  the  vibration  of  an  elastic  plate  in  contact 
with  water.  He  used  the  Rayleigh-Ritz  method  to 
determine  the  frequencies  and  decay  times  for  the 
two  lowest  modes  of  a circular  plate  rigidly  fixed 
in  an  infinite  baffle,  and  showed  that  these  frequen- 
cies were  lower  than  those  for  corresponding  vibra- 
tions in  a vacuum.  Lax  [4]  extended  this  work  to 
include  all  purely  radial  modes;  he  assumed  a com- 
pressible fluid  and  found  three  effects: 

• the  plate  pushes  the  fluid  and  so  appears  to  have 
added  inertia:  this  lowers  the  resonant  frequency 

o the  plate  radiates  energy  into  the  fluid,  so  that 
the  amplitude  of  a freely  vibrating  plate  decays 

• the  fluid  provides  a coupling  medium:  motion 
in  one  mode  causes  forces  that  act  on  another 
mode:  as  a result,  energy  is  transferred  from  one 
mode  to  another.  This  transfer  causes  the  mode 
shapes  of  a freely  vibrating  plate  in  contact  with 
a fluid  to  differ  from  the  corresponding  modes 
in  a vacuum. 

These  authors  considered  the  case  of  a mechanically 
vibrating  system  radiating  waves  into  an  acoustic 
medium.  The  case  of  acoustic  waves  exciting  a 
mechanical  system  has  been  studied  theoretically 
[5]  and  experimentally  [6].  The  forced  motion 
caused  by  a sound  field  impinging  on  submerged 
plates  could  give  rise  to  the  propagation  of  free  waves 
in  the  plate,  either  through  reflections  at  its  bound- 
aries or  imperfections  in  it. 

The  relationship  between  frequency  and  wavelength 
for  free  waves  in  an  infinite  plate  in  contact  with  an 
incompressible  fluid  has  been  published  [7],  as  has 
a similar  relationship  for  a flat  strip  of  finite  width 
submerged  in  a compressible  fluid  [8] . 

Infinite  homogeneous  structures  can  vibrate  only  in 
waves  equal  to  the  incident  field  components.  If  a 
structure  is  not  homogeneous  - e.g.,  has  holes  or 
stiffeners  - or  if  it  is  bounded,  the  acoustically- 
induced  structural  waves  cannot  be  the  same  as  the 
blocked  field  because  the  waves  are  also  required  to 
equal  structural  boundary  conditions.  The  total 
structural  wave  field  can  be  .separated  into  two 
components: 

• the  forced  wave  equal  to  the  excitation  field 

• the  free  waves  scattered  from  the  boundaries 


or  discontinuities.  These  waves  travel  at  the  free, 
fluid-loaded  wave  speed,  not  at  the  forced 
surface  wave  speed. 

An  element  of  structural  surface  of  area  8s,  which  has 
a normal  particle  velocity  u generally  does  not 
radiate  sound  in  the  same  way  that  a simple  isolated 
source  of  strength  u6s  radiates  sound  because  of  the 
surface.  However,  a reci()rocal  relationship  does  exist 
between  the  acoustic  pressure  produced  by  a volume 
element  with  velocity  ij6s  at  some  point  in  the  radia- 
tion field  of  a vibrating  body  and  the  pressure  pro- 
duced by  a simple  source  at  some  point  on  the  rigid 
body  at  the  location  of  the  element.  Smith  [91 
has  derived  a relationship  between  the  acoustic  power 
radiated  by  a structure  vibrating  in  a single  resonant 
mode  and  the  response  of  that  mode  to  sound  waves 
incident  from  remote  sources.  To  use  this  approach 
for  liquid-loaded  structures,  some  estimate  of  mode 
shapes  and  frequencies  is  necessary. 

A good  summary  [10]  and  a mathematically-oriented 
text  [11]  have  been  published  about  the  develop- 
ment of  analytical,  numerical,  and  statistical  methods 
for  tackling  the  problems  of  acoustic  liquid-loaded 
structural  vibrations. 

RECENT  DEVELOPMENTS 

The  problem  of  a monopole  source  in  a liquid  in  the 
vicinity  of  a flat  plate  has  been  analyzed  by  Krasil'- 
nikov [12] , who  showed  the  prrjsence  of  two  fields: 
one  remains  close  to  the  plate  (associated  with  the 
free  wave  in  the  plate)  and  one  radiates  over  all 
space.  King  [13]  used  the  reciprocity  relation  to 
derive  the  far-field  acoustic  radiation  and  did  not 
consider  the  complicated  plate  near-field.  Hisexposi 
tion  is  imprecise,  as  pointed  out  by  Fahy  [14], 
and  King's  further  remarks  [15]  do  not  entirely 
clarify  the  derivation.  However,  the  results,  which 
show  that  the  propagation  of  real  acoustic  energy 
in  the  presence  of  a plate  is  dependent  on  the  relative 
stiffness  of  the  plate  (hence,  different  radiation 
patterns  can  be  obtained  in  air  and  water)  seem  valid 

At  higher  frequencies,  as  the  wavelengths  decreasf', 
the  plate  can  no  longer  be  thought  of  us  a two-dimen- 
sional surface:  three-dimensional  elasticity  theory 
must  therefore  bo  used.  An  attempt  has  been  made 
[16]  to  relate  reflection  and  transmission  coefficients 
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of  a material  to  certain  physical  constants  of  the 
material  (including  absorption).  Some  of  these 
constants  can  be  determined  independently:  others  - 
absorptions  and  shear  wave  speed  - must  be  adjusted 
to  give  the  best  fit  with  the  experimental  results. 

Free  waves  introduced  by  boundaries  in  a liquid- 
loaded  strip  have  been  investigated  [17].  The  wave- 
length-frequency relationship,  including  rigidity  and 
tension  effects,  was  derived.  For  wavelengths  less 
than  about  twice  the  width  of  the  strip,  the  finite 
width  can  be  ignored.  When  the  exciting  acoustic 
wave  frequency  is  equal  to  a resonant  frequency  for 
the  liquid-loaded  strip  (that  is,  the  'free'  wave  shape 
equals  a normal  mode)  the  free  to  forced  wave  ratio 
increases  significantly. 

Radiation  from  freely  supported  beams  has  been 
investigated  and  mode  shapes  in  air  and  water  com- 
pared by  Blake  [181.  He  concluded  that  the  only 
effect  of  liquid  loading  was  due  to  added  mass  (thus 
reducing  the  resonant  frequencies)  and  that  mode 
shapes  and  radiation  efficiencies  were  not  affected 
(unlike  Lax's  circular  plate  [4] ).  An  interesting  paper 
by  Yeh  [19]  contains  some  speculation  on  how 
liquid  loading  reduces  the  vibration  frequencies  from 
their  air  values. 

The  analysis  of  wave  propagation  in  cylindrical 
geometries  is  mathematically  complex.  Berakha  [20] 
considered  axisymmetric  waves  in  an  isotropic 
medium  containing  a liquid-filled  duct.  He  used 
three-dimensional  elasticity  theory  to  derive  the  dis- 
persion relationship  and  compared  the  results  with 
the  hollow  cylinder  case.  At  low  frequencies,  only 
one  wave  can  propagate,  the  speed  is  slightly  higher 
than  that  for  the  vacuum  duct.  At  higher  frequencies, 
an  extra  wave,  equivalent  to  the  Rayleigh  wave  on  a 
surface  bounding  a liquid  half  Sf'ace,  is  possible. 
Berakha  also  derived  the  normal  mode  frequencies. 

A similar  problem,  involving  a point  source  excitation 
in  a fluid  column  surrounded  by  either  a fluid  or  an 
elastic  solid  of  infinite  extent,  has  bt;en  considered 
[21].  Conditions  for  normal  mode  (tropagation  were 
defined,  (ihase  and  group  velocity  dispersion  curves 
were  presented,  and  decay  rates  for  these  modes  were 
considered.  Arbitrary  excitation  of  the  source  excites 
a number  of  normal  waves  and  generates  considerable 
modal  interference:  the  problem  is  thus  a complex 
one 


The  flow  of  acoustic  fluid  in  a cylindrical  pipe 
involves  complex  equations  for  the  fluid  rather  tfian 
for  the  structural  motion.  Chen  and  Rosenberg  [22] 
considered  velocities  much  lower  than  the  critical 
flow  velocity  (where  shell  motion  becomes  unstable). 
Plots  of  frequency  versus  wave-number  were  com- 
pared for  an  empty  shell,  a fluid-filled  shell,  and  a 
fluid-conveying  shell.  The  results  for  the  last  case 
depended  upon  whether  the  wave  propagates  up- 
stream or  downstream.  At  the  low-frequency  limit 
the  water  hammer  wave  velocity  was  derived  for 
axisymmetric  waves.  The  results  were  extended  to 
orthotropic  pipes  by  Bert  and  Chen  [23] , who 
demonstrated  I'-e  adequacy  of  a Donnell-type  shell 
theory.  The  qualitative  results  for  pipes  made  of 
either  orthotropic  or  isotropic  materials  are  similar, 
but  considerable  quantitative  differences  exist. 

Finite  element  techniques  can  be  used  to  analyze 
the  acoustic-structure  interaction  problem.  The 
finite  element  formulation  can  be  restricted  to  a 
description  of  the  structure,  the  acoustic  medium  can 
be  represented  by  an  impedance  matrix.  A numerical 
technique  using  a finite  element  computer  program 
to  model  the  structure  and  an  acoustic  radiation 
computer  program  to  calculate  acoustic  impedance 
matrices  at  the  structure  surface  has  been  published 
[24].  Results  are  within  10%  of  experimental  mea- 
surements of  resonant  frequencies  of  piezoelectric 
transducers.  Extension  of  this  method  to  more 
complex  structures  is  limited  only  by  computer  costs. 

The  finite  element  method  can  bo  used  to  model  the 
acoustic  medium  to  a surface  on  which  the  acoustic 
wave  equation  can  be  separated.  Such  a model  has 
been  employed  to  determine  the  scattering  of  normal- 
ly incident  acoustic  waves  from  an  elastic  disc  [25] 
The  differences  between  a perfectly  hard  body,  a 
rigid  body,  and  an  elastic  model  of  the  disc  were 
demonstrated.  An  incident  wave  could  excite  reson- 
ances of  the  fluid-loaded  disc  at  several  frequencies. 
Only  the  model  that  includes  the  elastic  properties 
of  the  structure  is  adequate  for  the  (trediction  of 
scattered  pressures  at  these  frequencies. 

Real  structures,  even  simple  cylindrical  shells,  are  not 
perfect,  and  imperfections  can  affect  the  interaction 
problem.  Krajcinovic  [26]  has  discussed  the  influence 
of  out-of-roundness  and  eccentricity  on  the  magni- 
tude of  the  added  mass  for  a rod  vibrating  in  an 
acoustic  fluid  in  a rigid  cavity  The  effects  are 
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significant  for  narrow  cavities,  the  formulas  given  can 
easily  be  included  in  engineering  analyses.  Departures 
from  perfect  circular  symmetry  of  a cylindrical  shell 
have  been  shown  [271  to  account  for  the  discrepan- 
cies between  measured  structural  response  and  simple 
calculated  response  to  acoustic  excitation. 

Nuclear  reactor  systems  contain  pumps  that  circulate 
large  amounts  of  coolant  fluid  through  the  core  and 
heat  exchangers.  Coolant  fluids  provide  a source  of 
energy  for  structural  vibrations,  either  flow-induced 
[281 , or  acoustically  induced  [291 . Samarin  and 
Nozdrin  [301  have  reported  measurements  taken  on 
a water-moderated  water -coolc'd  reactor.  They  dis- 
tinguished between  local  (flow-induced)  pressure 
fluctuation  and  long  range  (acoustic)  oscillations. 
The  pressure  fluctuation  was  less  than  1.5  percent 
of  the  static  pressure.  The  most  dangerous  combina- 
tion was  the  coincidence  of  the  natural  frequencies 
of  the  liquid-loaded  structural  elements  and  the 
acoustic  frequencies  of  the  loop.  A program  to  study 
the  phenomena  has  been  published  [31 1 . 

Similar  effects  will  be  expected  in  fast  breeder 
reactors,  which  use  liquid  sodium  as  a coolant  fluid. 
One  way  to  avoid  the  difficulties  in  making  measure- 
ments in  sodium  is  to  build  a model  using  water 
instead  of  sodium.  The  problem  than  becomes  one 
of  attempting  to  ensure  that  all  the  resonant  frequen- 
cies scale  by  the  same  factor.  Worraker  and  Whitton 
[321  have  proposed  that  this  is  best  done  using  brass 
to  model  the  stainless  steel;  brass  gives  bettor  agree- 
ment of  the  liquid  to  structure  specific  acoustic 
impedance  ratio  for  the  reactor  and  the  model.  An 
alternative  strategy  is  profxjsed  by  Bentley  et  al  [331 
to  show  that  some  of  the  structural  frequencies  can 
be  scaled  equally  well  by  reducing  the  wall  thickness 
of  the  shells. 


FUTURE  DEVELOPMENTS 

The  basic  physics  of  aextustic  liquid  structure  inter 
action  now  sextms  to  be  fairly  well  urKierstoexf. 
Future  developments  will  likely  have  to  do  with  the 
details  of  the  phenomena,  for  exam|)le  boundaries, 
imperfections.  Statistir.al  mergy  analysis,  successful 
in  analyzing  gas  structure  interactions  will  [trobably 
be  extendtxf  to  analyze  strongly  interacting  liquid 
structure  systems.  Beiause  more  complex  stri«;turts 
will  be  analyzed,  the  finite  clement  atH>roach  is 


likely  to  be  developed  further. 
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LITERATURE  REVIEW 


The  monthly  Literature  Review,  a subjective  critique  and  summary  of  the  litera- 
ture, consists  of  two  to  four  review  articles  each  month,  3,000  to  4,000  words  in 
length.  The  purpose  of  this  section  is  to  present  a "digest"  of  literature  over  a 
peiiod  of  three  years.  Planned  by  the  Technical  Editor,  this  section  provides  the 
DIGEST  reader  with  up-to-date  insights  into  current  technology  in  more  than 
150  topic  areas.  Review  articles  include  technical  information  from  articles,  reports, 
and  unpublished  proceedings.  Each  article  also  contains  a minor  tutorial  of  the 
technical  area  under  discussion,  a survey  and  evaluation  of  the  new  literature,  and 
recommendations.  Review  articles  are  written  by  experts  in  the  shock  and  vibration 
field. 

This  issue  of  the  DIGEST  contains  review  articles  on  fluid-structure  interaction 
and  beam  vibration.  Dr.  Krajcinovic  discusses  some  structural  transient  interaction 
problems  involving  either  a constant  wetted  surface  or  an  expanding  or  receding 
wetted  surface. 

Dr.  Wagner  and  Professor  Ramamurti  discuss  beam  vibrations  as  they  apply  to 
modeling  structures. 
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SOMF.  TRANSIEM  PROIiLRMS  OF  STRIJCTIJRKS  INTKRACTINC;  WITH  Kl.Ull) 


Dusan  Krajcinovic* 


Abstract  ■ This  paper  is  a general  review  of  transient 
interaction  problems  involving  either  a constant 
wetted  surface  or  an  expanding  or  receding  wetted 
surface. 

Interest  in  problems  of  fluid-solid  interaction  is  not 
new.  In  fact,  the  first  systematic  study  was  probably 
in  1850  After  the  publication  of  Rayleigh's  treatise 
Theory  of  Sound  in  1896,  the  dynamics  of  structures 
in  a vacuum  and  conventional  acoi'S'ics  'leveloped  as 
independent  disciplines.  In  recent  v-:ars,  .i-  'ch- 
nologies  and  energy  sources,  de'-  lopments  in  i. 
portation,  and  the  arms  race  t.  resulted  in  a. 
jv'alanche  of  publications  on  probi  nio  nf  structure- 
fluid  interactions. 


Interaction  problems  can  be  las^'t'-’d  ir 
groups  as  steady  state  or  transient. 


'wo  .ary. 
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Figure  1.  Thin  Cylindrical  Shell  Subjected  to  an  Axi- 
symmetric  Pulse  Traveling  in  the  Direction 
of  Longitudinal  Axis 

1 he  partial  differential  equations  governing  the 
deformation  of  the  shell  can  bo  written  in  the  form 


L„  u + I.13.V 
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u + L- 


8^1 

'8t' 

8^  w 
8t' 


' 8 t I 


= R 


•*'P,j(ct-x) 

(!) 

Ljj  a'  ferential  operators,  u (x,  t)  and  w (x,  t) 
repr  Sent  axial  and  radial  components  of  the  dis- 
I j m.nent  of  a mid-surface  point  of  the  snell, 
ui^  .'■n  I R are  the  surface  mass  density  and  the 
radius  of  the  shell;  p(  is  the  density  of  the  fluid, 
sprred  of  propagation  of  sound  in  the  fluid, 
and  Pj  = const  represents  the  intensity  of  ;he 
■rcr”.  re.  The  fluid  velocity  potential  <i>  (r,  x,  t) 
...iJ  as  the  wave  equation 


TRANSIENT  lNTER\aiU>‘  niOr.TEM'- 
WITH  CONSTANT  WETTFI)  KF  v i 

The  interaction  between  a su  a<  :,  .(d'nit  ., 
long,  thin  elastic  circular  cylindrica'  ^n  t.i.^  in 
axisyrnmetric  pressure  wave  traveling  at  cxinstant 
speed  in  the  direction  of  the  longitudinal  axis  x of 
the  cylinder  (Fig.  1 ) has  been  studied.  It  was  assumed 
that  no  separation  (onvitation)  occurs  anywhere  on 
the  surface  of  the  shell. 

• Prof,  of  Struc.  Ertgr.,  Dept,  of  Materiats  Engr.,  University 
of  Illinois  at  Chicago  Circle,  Chicago,  Illinois 
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(2) 


e three  partial  differential  equations  shown  in 
.•quations  (1)  and  (2).  together  with  boundary  and 
initial  conditions,  define  the  boundary  value  problem. 
These  two  sets  of  equations  are  coupled  by  tlie 
impermeability  condition 


@ r = R 


_8^  _ _ .8.W 
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which  states  that  the  velocities  of  the  fluid  and  the 
shell  particle  with  which  the  fluid  is  in  contact  are 
identical. 

The  partial  differential  equations  are  usually  reduced 
to  differential  equations  by  two  successive  intetjral 
transforms  ■■  a Fourier  with  respect  to  x and  a 
Laplace  transform  with  '■espect  to  t ■■  to  an  ordinary 
differential  equation.  The  main  problem  lies  in  the 
inversion  of  the  Laplace  transform.  For  a simiile 
Dirac-delta  pressure,  in  which  a pressure  ring  travels 
along  the  shell,  the  inversion  process  is  straight- 
forward. The  solution  for  radial  displacement  is  in 
the  form  of  an  infinite  sum  of  infinite  integrals  (171 
oo  oo  sin  cox 

° (4) 

where  Jij  are  the  frequencies  of  natural  vibrations; 
i.e.,  simple  poles  used  for  the  inversion  of  the  Lajjlace 
transform.  The  integrand  in  equation  (4)  is  compli- 
cated and  oscillatory,  so  that  numerical  evaluation 
is  difficult. 

The  process  is  even  more  complex  for  an  arbitrary 
loading  function  pit}  involving  a double  integral 
with  an  oscillatory  integrand.  The  analysis  can  be 
greatly  simplified  without  significant  loss  of  accuracy, 
tiowever,  by  neglecting  both  the  inertial  force  rn^u 
in  the  direction  of  x-axis  and  the  compressibility  of 
the  fluid  [17] . The  second  assumption  is  not  always 
justified,  especially  at  long  wavelengths  and  in  cases 
of  symmetry  with  respect  to  x = 0.  Two  other 
apfiroximate  models  have  been  proposed  [5,  13]. 

Another  transient  problem  is  the  interaction  of  a 
cylindrical  shell  with  a pressure  wave  having  a front 
parallel  to  the  generatrix  of  the  cylinder  [2,  16]. 
Mindlin  and  Bleich  [16]  assumed  plane  fluid  flow 
and  ignored  the  axial  component  of  fluid  velocity. 
Somewhat  later  Flaywood  [8]  computed  the  hydro- 
dynamic  forces  on  the  basis  of  cylindrical  waves. 

Consider  the  exact  formulation  of  the  two-dimen 
sional  problem.  In  the  case  of  an  infinite  shell  and 
a wave  infinite  in  the  x direction  (Fig.  2),  the  govern- 
ing shell  equations  are  written  in  terms  of  two  un 
known  functions,  usually  the  normal  hoop  force 
N (ff,  t)  and  the  radial  displacement  w ((?,  t)  The 
resulting  hydrodynamic  pressure  consists  of  the 
known  incident  pressure  field  P|,  the  pressure  field 


scattered  by  the  rigid  cylinder  p^j,,  and  the  pressure 
field  radiated  by  the  deforming  wetted  contour  of 
the  shell  p^^  [9] . 


p(r)=P|(r)  + P3r(r)  + Pse(r) 


Figure  2.  Thin  Cylindrical  Shell  Subjected  to  a Plane 
Transverse  Pressure  Pulse 
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The  determination  of  the  scattered  and  radiated  pres- 
sure fields  Pj|.(r)  and  Pjgfr"*)  is  complex,  involving  in- 
tegral transforms  with  respect  to  time  and  expansions 
into  infinite  trigonometric  series  with  respect  to  angle 
0.  The  hydrodynamic  pressures  are  obtained  as  infin- 
ite sums  of  infinite  integrals.  Because  the  integrands, 
which  include  Bessel  and  Macdonald  functions  are 
difficult  to  compute  [9,  17]  .and  the  series  converges 
very  slowly,  approximate  techniques  are  used.  The 
/!ero-th  and  first  deformation  tnode  are  used  to  derive 
approximate  formulas  for  the  hydrodynamic  forces; 
the  analysis  is  somewhat  less  cumbersome  but  still 
complex.  Of  course,  an  inherent  problem  with  ap- 
proximate methods  is  the  uncertainty  in  defining  the 
limits  of  their  applicability. 

The  same  problem  has  been  solved  for  the  case 
spherical  shell  [131.  Three-dimensional  problems 
involving  cylindrical  shells  of  finite  length  are  tract- 
able only  in  a variational  or  purely  numerical  sense. 


M^  and  M^  are  the  radial  and  circumferential  bend- 
ing moment  in  the  plate,  Pg(t)  is  the  external  (inci- 
dent) loading:  m^,  the  surface  density  of  the  plate: 
w(r,  t),  the  normal  displacement  of  a point  on  the 
middle  surface  of  the  plate:  P(  = const,  the  density 
of  the  fluid;  and  0Q(r,  t)  = d I ^_q,  the  fluid  velocity 
potential  at  ifie  fluid-plate  interface.  The  motion 
of  the  potential  fluid  is  governed  by  the  Laplace 
equation 


’ The  boundary  conditions  at  the  surface  / = 0 are 
0 = 0 for  r>a,7  = 0 

= - for  r<a,.t  = 0 
dz  dt 

(7) 


A significant  simplification  is  possible  if  the  ultimate 
load-carrying  capacity  of  a structure  is  of  primary 
interest.  In  certain  practical  [troblems  a submerged 
structure  such  as  shell  or  plate  is  used  for  contain- 
ment. The  structure  maintains  the  integrity  of  a sub- 
merged structure  during  an  accident,  regardless  of 
the  level  of  damage.  Stress  levels  in  the  structure 
during  an  accident  would  be  much  greater  than  the 
yield  stresses  of  the  structure.  If  the  kinetic  energy 
of  the  incident  load  exceeds  by  many  times  the  maxi- 
mum energy  of  elastic  deformation  of  the  structure 
and  if  the  load  is  applied  for  a much  shorter  time 
than  the  period  of  the  natural  vibration  of  the  struc- 
ture, its  structural  behavior  can  be  approximated  with 
a rigid-ideally  plastic  model  [25] . Such  a model  can 
usually  be  used  when  a slender  structure  is  subjected 
to  a blast  type  of  loading  (explosion). 


where  a is  the  radius  of  the  plate.  The  fluid  velocity 
potential  and  its  derivatives  become  ^ero  at  infinity. 
Initial  conditions  are  also  taken  to  be  zero. 

The  mixed  boundary  value  problem  defined  by  the 
Laplace  equation  (6)  and  the  boundary  conditions 
(7)  is  conveniently  handled  with  such  integral  trans- 
forms as  Hankel’s  transform.  The  transformed  equa- 
tion 16)  is  solved,  and  the  boundary  conditions  (7) 
can  be  written  after  some  manipulations  in  form  of 
Titchmarsh-Busbridge  dual  integral  equation  allowing 
a closed-form  solution  [23] . 

The  effective  mass  of  the  system,  which  consists  of 
the  actual  mass  of  the  plate  m^  and  the  added  mass 
m_,  is  derived  in  the  form 

a 


A rigid-ideally  plastic  model  and  an  incompressible 
fluid  have  been  used  to  derive  a closed-form  solution 
for  a blast-loaded  simply-supported  circular  plate  in 
contact  with  a fluid  [10] , If  the  initial  surface  of  the 
fluid  is  assumed  to  have  a surface  of  ^ero  potential 
(i.e,,  neglecting  the  energy  of  surface  waves),  the 
axisymmetric  problem  of  a circular  plate  can  be 
written  as 


a 

dr 


(rM  ) - / 

' ^ o 


dt 


r dr 
(5) 


m + m = m ( 1 + 0.489  — ^ | (8) 

° ° \ ''^o  / 

where  h is  the  plate  thickness  and  the  plate 
density  (m^  = hp^).  The  added  inertia  depends  on 
both  the  density  ratio  (Pf/pQ^  arid  the  radius  to 
thickness  ratio  (aAl)  of  the  plate.  Thus,  even  if  the 
ratio  P{/Pq  is  loss  than  1 (0.13  for  a steel  plate  on 
ttie  water),  the  (apf/hp^)  ratio  can  easily  be  as  large 
as  unity  and  even  larger.  In  other  words,  the  pre- 
sence of  a fluid  such  as  water  significantly  decreases 
the  final,  plastic  deformation  of  the  plate. 


II 


The  dynamic  plastic  response  of  an  infinitely  long 
thin  cylindrical  shell  immersed  in  an  infinitely  ex- 
tended potential  fluid  and  subjected  to  an  internal 
axisymmeiric  pressure  pulse  of  arbitrary  shape  and 
duration  has  been  considered  (If,  24] . The  Neumann 
problem  for  the  Laplace  equation  for  the  exterior 
of  a circular  cylinder  is  in  the  form  of  an  infinite 
integral,  which  Is  subsequently  integrated  using 
asymptotic  expansions  near  t = 0 and  t -*«=  and 
Fillon's  quadrature  in  the  rest  of  the  range.  The 
correlation  technique  has  been  used  to  -educe  an 
arbitrary  pulse  to  a step  pulse  of  intensity  Pg  and 
duration  tgi  the  pulse  is  uniformly  distributed  over 
a portion  of  shell  of  length  2Lg  [29] . A plot  of  the 
maximum  plastic  deformation  of  the  shell  Uq 
(after  the  deformation  is  terminated,  t > t^)  and  the 
effective  pressure  intensity  to  static  yield  pressure 
ratio  is  shown  in  Figure  3.  Although  the  density  ratio 
7^/7  =0.1  is  modest,  the  final  plastic  deformation  is 
decreased  by  a factor  ot  three. 
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TRA.NSIENT  INTER.ACTIO.N  PROIJLEMS 
WITH  VARIABLE  WETTED  SI  RFACE 

Interest  in  the  second  class  of  transient  probleins  -■ 
so-called  hydrodynamic  impact  problems  tfiat  arise 
when  structures  fall  onto  the  water  - was  initially 
motivated  by  landing  of  seaplanes  and  ship  slamming, 
more  recently  the  retrieval  of  spaceships  has  been 
studied.  Problems  encountered  in  the  design  of  off- 
shore drilling  platforms  and  containment  suppression 
sys)  ns  at  nuclear  power  plants  also  belong  to  this 
class. 

The  exact  formulation  of  a hydrodynamic  impact 
problem  involves  a structure  responding  in  an  elasto- 
plastic  mode  with  possible  influence  of  strain  rates 
on  the  magnitude  of  yield  stress  and  a viscous  and 
compressible  fluid. 

Turbulence  a-'d  cavitation  (especially  with  blunt 
bodies  or  in  te  stages  of  penetration)  complicate 
the  problem.  The  mathematical  model,  even  if 
turbulence  and  cavitation  are  ignored,  consists  of 
two  systems  of  partial  differential  equations  (govern- 
ing the  motion  and  deformation  of  the  structure  and 
flow  of  the  fluid)  that  are  coupled  by  a condition  on 
a moving  boundary  (expanding  wetted  surface); 
the  model  is  very  complex,  and  no  analytical  solution 
is  yet  available. 

Early  papers  on  this  topic,  predate  present-day  com- 
puters and  were  concerned  with  the  impact  and  sub- 
sequent penetration  of  a rigid  body  through  the  in- 
compressible fluid  [20,  27,  28] . Most  of  the  solutions 
involved  the  two-dimensional  problem  of  a wedge. 
The  first  solution  [27]  is  based  on  the  principle  of 
momentum  conservation 


Figures.  Maximum  Plastic  Deformation  as  a Func- 
tion of  Pulse  Intensity  and  Density  Ratio 


where  m^^  is  the  total  mass  of  the  rigid  body;  Vg 
and  V,  its  velocity  at  the  incipient  impact  and  at 
an  arbitrary  time  thereafter;  and  m,(t),  the  adcfed 

d 

(apparent,  virtual)  mass,  reflecting  the  resistance  of 
the  fluid  particles  being  displaced  by  the  penetrating 
fluid.  Fluid  resistance  depends  of  course  on  the 
dimensions  and  shape  of  the  wetted  contour,  this 
contour  changes  until  penetration  is  complete. 
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If  the  energy  i ji  iua  'S  neglected,  ttie 

determinatior  v.  .idtler)  i -aso  ( in  oe  reauced  [20] 
to  the  solution  o‘  ii  " ,i  ‘ ,w  about  an  obsta- 
cle boundP'^  • • • and  its  ■'eflection 

in  plane  ^ v**'  if  , I'ential  (Fig  4).  The 

resulting  Neui — ,.n  can  be  recast  into  a 

Dirichlet  problem  by  means  of  a complex  velocity 
potential. 

This  exact  formulation  is  easily  applied  in  case  of 
simple  body  shapes  such  as  wedges.  The  solution 
involves  conformal  mapping  in  two<iimensional 
problems  and  construction  of  fundamental  potential 
functions  on  the  multi-sheeted  Riemann  space  [21] 
for  three-dimensional  cases.  If  the  effect  of  piled  up 
water  is  accounted  for,  the  line  of  <:ero  potential 
is  defined  either  as  the  initial  water  surface  [27] 
01,  more  appropriately,  as  the  maximum  level  of  the 
piled  up  free  surface  of  the  water  [28] , see  figure  5. 
In  case  of  a wedge,  the  difference  in  assumptions 
is  reflected  by  a factor  of  n/2.  The  contour  of  the 
free-water  surface  is  computed  by  integrating  the 
upwash  velocity  over  time;  the  result  is  an  Abel's 
integral  equation  that,  in  many  cases,  especially  when 
the  wetted  contour  is  given  in  terms  of  a finite  power 
series,  leads  to  a closed-form  solution.  Surprisingly, 
no  one  recognized  that  the  governing  equation 
was  in  fact  an  Abel's  integral  equation,  but  various 
authors  [15,  19]  approximated  the  actual  contour 
of  the  body  with  an  appropriate  power  series  in  order 
to  solve  the  problem. 


Figure  4.  Body  Bounded  by  the  Wetted  Contour  and  Its  Reflection  about  the  Surface  of  Zero  Potential  ^ 
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Figure  5.  Impact  ol  a Rigid  Wedge  on  the  Surface  of 
a Liquid:  von  Karman's  Model  (left)  and 
Wagner's  Model  (right) 

The  main  contradiction  of  the  rigid  body  model 
is  the  fact  that  the  pressure  at  the  initial  moment  is 
predicted  as  infinite  while  the  structure  being  sub- 
jected to  this  infinite  pressure  is  considered  unde- 
formable.  The  contradiction  was  resolved  somewhat 
by  considering  the  fluid  to  be  compressible  Instead 
of  infinite  values  the  initial  pressure  at  the  stagnation 
point  was  pcV,  where  p is  the  initial  density  of  the 
fluid,  c , the  speed  of  sound  in  unperturbed  fluid, 
and  V , the  impact  velocity.  Compressibility  was 
found  to  be  significant  in  the  case  of  moderate  im- 
pact speeds  (V^  < < c);  only  in  case  of  blunt  bodies 
during  a period  immediately  following  impact  (char- 
acterized by  supersonic  speed  of  flow  along  the  body 
contour)  with  duration  measured  in  fractions  of 
milliseconds  [22] . 

The  determination  of  mutual  dependence  of  contact 
pressure  and  deforrnat'on  was  approximated  with  a 
model  consisting  of  lumped  masses  interconnected 
with  springs  [181 . The  problem  was  solved  by  assum- 
ing that  the  deformation  of  the  structure  is  relatrrd 
to  the  increment  in  u()wash  velocity  in  the  same  way 
bs  penetration  is  related  to  the  original  tipwash  velo 
city,  i.e.,  through  an  Abel's  integral  equation  [19) 
The  model  leads  to  rather  simple  solutions  which 
were,  unfortunately,  not  tested  against  more  exact 
solutions. 

The  first  attempt  to  solve  the  two-dimensiorral  hydro- 
dynamic impact  [rroblern  of  an  elastic  plate  in  its 
exact  formulation  was  in  1935  (12).  Complex  var- 
iables and  r.onformal  rnapping  were  used  to  reduce 
the  problem  of  determination  of  the  fluid  velocity 
potential  to  a Fmedholm  inujgral  equation  of  ttie 
second  kind  with  a complicated  kernel.  A closed  form 
solution  is  obtained  only  when  the  plate  (i.e.,  fream) 


thickness  varies  according  to  a sine  law.  In  addition, 
the  solution  cannot  be  considered  complete  because 
the  author  established  only  the  formula  for  the 
interaction  forces  and  did  not  concern  himself  with 
the  entire  process  of  motion  (including  separation 
indicated  by  the  occurrence  of  negative  pressures 
at  the  interface) 

Other  attempts  at  analytical  solution  of  this  problem 
have  been  made  [14]  It  is  safe  to  say,  however,  that 
a reliable  and  complete  solution  of  the  problem  of 
this  kind  is  not  possible.  One  of  the  first  attempts 
at  a numerical  solution  involved  the  finite  difference 
method  for  solving  the  two-dimensional  problem  of 
a rigid  circular  cylinder  falling  on  the  surface  of  an 
incompressible  fluid  [3]  . Mesh  size  and  time  incre- 
ment proved  to  be  important  in  the  computation. 
Only  results  at  very  early  times  arc  given,  it  is  thus 
possible  that  the  severe  distortion  of  the  mesh  has 
a detrimental  effect  on  accuracy  during  the  later 
stages  of  penetration.  A numerical  solution  of  the 
hydrodynamic  impact  on  an  elastic  shell  of  revolu- 
tion --  the  landing  of  a re-entry  vehicle  on  the  surface 
of  water  --  has  been  presented.  The  procedure  consists 
of  numerical  integration  of  the  governing  dynamic 
equations  of  shell  motion.  The  hydrodynamic  pres- 
sure is  expressed  as  a double  infinite  series  of  inte- 
grals. It  is  of  interest  that  the  interaction  (i.e., 
mutual  influence  of  deformation  and  pressure) 
does  not  appreciably  change  the  maximum  value  of 
deflectmn  or  the  stress  resultants  (i.e.,  bending 
moments  and  normal  forces).  To  the  contrary,  the 
pressures  at  the  apt  x computed  for  two  cases  (with 
and  without  intera.  tion)  have  absolutely  nothing 
in  common. 


CONCH  SIGNS 

This  review  has  presented  some  of  the  most  impor- 
tant transient  problems  of  solid-fluid  interaction. 
It  is  aimed  at  readers  not  thoroughly  familial  witti 
interaction  problems  of  this  type.  It  makes  no  preten- 
sion of  presenting  an  exhaustive  and  complete  refer- 
ence list.  However,  such  lists  have  been  published 
[6,  9,  17)  , as  have  review  papers  [4,  7,  26]  . From 
this  review,  it  is  anticipated  tfiat  the  reader  will 
become  aware  of  the  magnitude  and  complexity 
of  solid-fluid  interaction  problems. 
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MKAM  VIBRATIONS  - A RKVIKW 


Hans  Wagner*  and  V.  Ranianiurti* 


Abstract  ■ Most  structural  elements  encountered  in 
practice  can  be  treated  as  beams  sacrificing  little 
accuracy.  For  this  reason,  this  review  article  sum- 
marizes  work  on  the  vibration  of  beams  since  1973. 

DETERMINISTIC  LINEAR  VIBRATIONS 

Finite  element  methods  have  been  used  to  solve 
flexural  vibration  problems  of  beams  with  various 
boundary  conditions  [1].  Attempts  have  been  made 
to  use  quintic  polynomials  to  solve  vibration  prob- 
lems of  tapered  beams  [2] . The  polynomials  have 
been  applied  to  pretwisted  blade  vibrations  [3]  and 
to  Idige  amplitude  blade  vibrations  [4] . The  optimum 
first  mode  frequency  of  beams  of  specified  volume 
resting  on  an  elastic  foundation  has  also  been  com- 
puted by  the  finite  element  method  [51 . 

Optimization  studies  have  been  reported  [6,  7),  as 
have  upper  and  lower  frequency  limits  for  single 
and  multi-span  beams  [8] . The  general  nature  of 
beam  vibrations  associated  with  shock  problems  has 
been  discussed  [9  - 1 1 ] , as  have  wind-  and  flow- 
induced  vibrations  [12  - 14],  Beams  subjected  to 
axial  force  fields  have  been  studied  [15],  Three- 
dimensional  displacements  have  been  expanded  in 
a double  power  series  of  transverse  coordinates  to 
find  one-dimensional  equations  applicable  to  low 
frequency  vibrations  [16],  Chatter  characteristics 
of  beams  have  been  described  [17],  and  overhung 
beams  have  been  discussed  [181  . Effects  of  steady 
longitudinal  motion  of  vibration  frequencies  have 
been  studied  [191.  Simple  formulas  for  calculating 
frequencies  of  continuous  beams  with  different 
boundary  conditions  [20]  and  for  multi-span  curved 
beams  [21]  have  been  devised,  A rigorous  mathe- 
matical analysis  of  continuous  linear  systems  with 
specific  application  to  the  determination  of  eigen- 
values of  cantilevers  has  been  derived  [22] . 

The  effect  of  support  flexibility  on  natural  frequency 
has  been  discussed  [23] . Coupled  torsional  and  flex- 
ural modes  have  been  studied  with  transfer  matrices 
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[24] . A generalized  theorv  of  nonuniform  thin- 
walled  beams  has  been  presented  [25]  . An  exact 
solution  has  been  obtained  for  small  oscillations  of  a 
plane  constant  curvature  prismatic  bar  [26] , Modi 
and  Misra  [27]  have  described  the  dynamics  of  three 
identical  flexible  cylindrical  cantilevers  joined  sym- 
metricallv  to  a central  head.  Thermally-induced 
vibrations  of  Euler-Bernoulli  and  Timoshenko  beams 
have  been  studied  [28]  , as  have  transverse  vibrations 
of  nonuniform  beams  [291.  Eree  vibrations  of  beams 
with  various  boundary  conditions  --  e.g.,  elastically 
restrained  ends,  tip  masses  -•  have  been  extensively 
studied  [30  - 45] , wi'h  emphasis  on  the  effect  on 
natural  frequencies  and  mode  shapes  of  varying 
system  parameters. 

Timoshenko  beams  [46  - 56] , the  effect  of  shear  on 
natural  frequencies  [46  ■ 48] , rotary  inertia  and  shear 
deformation  [49  - 53) , thermoelastic  vibrations  of 
Timoshenko  beams  [54] , elastically-connected  Timo- 
shenko beams  [55] , and  mode  shapes  and  frequencies 
of  transversely  orthotropic  Timoshenko  beams  have 
been  studied  [56] . 

Orthotropic  multilayered  beams  have  been  the  topic 
of  a paper  involving  determination  of  flexural  and 
torsional  resonant  frequencies  [57],  the  governing 
differential  equations  for  flexural  vibrations  of  vis- 
coelastic multilayered  beams,  as  well  as  natural  fre- 
quencies and  steady-state  response  [58  - 70]  have 
also  been  determined  using  various  botindary  condi- 
tions. The  approac  hes  include  Fourier  analysis  of 
material  and  kinematic  vibrations,  Laplace  trans- 
forms, and  the  finite  element  method.  Timoshenko 
beams  have  also  been  considered  [61 , 63] . The 
influence  of  the  number  of  layers  and  the  thickness 
ratio  of  viscoelastic  to  clastic  layers  have  been  studied 
[60] . It  has  been  shown  [65]  that  the  effect  of 
damping  increases  monotonically  with  an  increase  in 
the  sectional  area  of  coating  of  a viscoelastic  bar. 
The  application  of  an  axial  compressive  force  to  a 
viscoelastic  beam  also  increases  damping.  The  preven- 
tion of  local  si;ear  at  free  or  hinged  ends  by  means  of 
rigid  rivets  has  been  analyzed  [64] . 
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STABILITY  OK  DETKRMIMSTIC  VIBRATION 

The  stability  of  various  beams  has  been  examined 
171  - 79],  namely  a turborotor  by  a perturbation 
technique  [71]  , a cantilever  subjected  to  a follower 
force  at  its  free  end  and  rotating  at  uniform  angular 
velocity  [721 , a free  beam  [75,  76] , and  beams  on 
continuous  elastic  foundations  [77] . The  cantilever 
study  was  extended  to  include  rotary  inertia  and  tip 
mass  [731  and  determination  of  critical  flutter  load 
[741 . The  dynamic  stability  of  a beam  subjected  to 
moving  loads  has  been  investigated  [78,  79]  using 
a set  of  approximate  equations  of  motion  (Galerkin 
method).  The  critical  speeds  were  predicted  in  terins 
of  system  parameters  using  simple  algebraic  expres- 
sions. 


DETERMINISTIC  NONLINEAR  VIBRATION 

IVIore  than  20  papers  [80]  to  [102]  have  dealt  with 
the  nonlinear  vibration  of  beams.  Pandalai  [801 
derived  tne  equations  of  motion  of  a plate  in  curvi- 
linear coordinates  and  showed  that  the  large  ampli- 
tude flexural  vibrations  of  beams  and  plates  are 
of  the  hardening  type.  The  modal  equations  appli- 
cable to  plates,  rings,  beams,  and  shells  using  La- 
grange's method  have  been  derived  [81 1 ; the  large 
amplitude  vibrations  of  rings  and  shells  are  of  the 
softening  type.  Large  deflections  of  beams  have  been 
studied  using  matched  asymptotic  expansions  [82] . 
Large  amplitudes  of  whirling  motion  of  a simply 
supported  beam  constrained  to  a fixed  length  have 
been  investigated  [83] . Subharmonic  response  of 
the  order  1/3  was  revealed  in  a study  involving 
transverse  vibrations  of  a beam  with  ends  a fixed 
distance  apart  [84] . Subharmonic  response  of  the 
order  of  1/9  has  been  described  [85]  , and  the  non- 
linear vibrations  of  beams  with  geometric  properties 
varying  along  the  length  have  been  analy-ted  [86] , 
The  perturbation  method  has  been  combined  with 
the  numerical  technique  to  solve  nonlinear  dynamic 
problems  of  complicated  structures  [87],  Non- 
linear inertia  effects  have  been  accounted  for  [89] . 

A steady-state  solution  for  beams  with  nonlinear 
auxiliary  mass  dampers  has  been  published  [90], 
The  nonlinear  response  and  stability  of  a buckled 
beam  has  been  analyzed  using  a form  function 
approximation  [91],  Nonlinear  effects  of  high 
temperatures  have  been  discussed  [92]  Results 


obtainc>d  with  the  (principle  of  minimum  strain  energy 
were  compared  with  those  of  finite  element  and  per- 
turbation methods  [92] . The  behavior  of  beams  with 
time-dependent  boundary  conditions  has  been  dis- 
cussed [93] . Lakin  [94]  considered  a fourth  order 
boundary  value  problem  associated  with  small  vibra- 
tions of  a uniform  flexible  rod  and  obtained  the 
limiting  behavior  of  eigenvalues.  Anderson  [95] 
formulated  the  nonlinear  equations  of  motion  of  a 
slender  bar  rotating  at  constant  angular  velocity 
about  a transverse  axis  and  discussed  the  mathemati- 
cal connection  between  two  physically  distinct  non- 
conservative stability  problems  [96] . The  governing 
differential  equations  for  the  torsional  vibration  of 
thin-walled  beams  of  open  cross  section  have  been 
solved  [96]  , and  the  dynamic  behavior  of  a hinged 
beam  carrying  a concentrated  mass  has  been  analyzed 
[98]  using  harmonic  balance  to  solve  the  equations. 
Approximate  equations  of  motion  of  a three-layer  un- 
symmetrical  beam  with  viscoelastic  cores  have  been 
developed  [99] , and  the  frequency  response  for 
clamped  ends  has  been  compared  to  experimental 
results. 

Parametric  vibrations  of  a weightless  cantilever  beam 
with  concentrated  masses  have  been  considered 

[100]  . Lateral  bending  torsion  vibrations  of  a canti- 
lever under  parametric  excitation  have  been  analyzed 

[101]  . Because  the  beam  had  nonlinear  damping,  in- 
stability regions  settled  into  steady  nonlinear  limit 
cycles  the  amplitudes  and  frequencies  of  which  can 
be  theoretically  predicted.  The  bending  behavior  of 
a beam  under  a moving  load  has  also  been  studied 

[102] , 


RANDOM  LINEAR  VIBRATION 

Randomly  varying  forces  or  material  properties  were 
subjects  of  11  articles  [103  - 113],  the  first  eight 
of  which  deal  with  beams  subjected  to  random 
excitation.  The  correlation  method  was  used  to 
compute  the  deflection  and  bending  moment  of  a 
beain  subjected  to  random  force  with  constant  mean 
value  and  moving  at  constant  speed  [103].  The 
modal  approach  was  used  to  formulate  probability 
parameters  of  the  displacement  field  of  a two-span 
beam  in  terms  of  loads  ( 104] . An  example  is  a beam 
excited  by  white  noise;  the  displacement  disfrersion 
formulated  as  the  sum  of  two  series  representing  the 
corresponding  undamped  mode  groups. 
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An  organised  approach  for  impIcMnenting  the  tech- 
niques of  random  process  theory  in  recovering 
structural  information  from  random  vibration  data 
has  been  presented  (1051.  Linear  elastic  analysis  of 
pin-ended  rods  in  stationary  random  homogeneous 
surface  pressure  fluctuations  has  been  developed 
[1061.  Fast  Fourier  transforms  make  the  use  of 
random  process  theory  both  feasible  and  economic 
for  experimental  structural  analysis.  Optimum  con- 
figurations of  vibration  reducers  have  been  found 
for  elastic  systems  with  random  excitation  [107] 
Optimal  estimation  of  response  to  random  loads  of 
internally  damped  beams  has  been  made  [1081 . The 
space-averaged  response  of  an  infinite,  elastically- 
supported,  periodic  beam  has  been  studied  using  an 
'approximate  assumed  mode'  method  [1091.  The 
damping  capacity  of  three  materials  subjected  to 
narrow-band  strain  fluctuations  has  been  investigated 
[1101;  the  material  effectively  underwent  "^inusoi 
dal  strain  with  randomly  varying  am'^'Tiide 

The  random  nature  c'  the  mat  ;ria'  proi  euies  .if 
beams  has  been  considerca  ' 1 I >i . Tc”'  ^ -<n  i 

Lin  [1111  exrlnr'-^  t'.e  - t;  ’ i"  i.i -.c'- ... 
length  deviati<^r.s  of  an  ■ ■ ijr  j ^ uer.  ..ir 

beam  on  many  supoo'ts  u a.'K.ttu'r  j'T.'^r  t'?2l 
they  dealt  with  ti’e  rai  ■ ui,,  j,|,jti  .•  C':  - !-  ; 
stiffnes.s  along  the  t/car"  c-'' ■ , :-.'mr‘ 

of  natural  freque.'' ie-^  or-e-i  i,  . mi  ' ^n  > 
correlation  aniong  '-ita'.-  -. '’o,  ':  .i  c irequ.m 

cies;  hei'.  f thei'  -'iiair,.  i.i  siti^us  "ever  ue 
versed.  Oami-ed  loieral  va  -j’'-  ■ > ••.  an  -.x„  ' 
ing  beuii’ w'*i  rau-iiu  '■n.iit-i  .,ii  ;.Hra'..,  ^ ^ 'j  ,.jr 
investigaie.d  113/.  ■ ■->  .'ic  u-ra- u)''  ■'i  . '-ta  " 

made  i'f  al-..  .'.■•iui’.  alii  \ .uiicluvi  m .■.u.s 

sensitive  tc  r.iOU,  mne  j m.7ip.,r..tt:’  . a"  l lersuy, 
the  r.ir'.iiiai  ■•"q  ..;ncy  was  al.iuM  ■le;ui".u  .tic. 

R ANDOM  NO-  { INL/\1  • .hil.MION 

The  techpmue  ol  uie  ■ nn'  lir-furl.  .itioi.  y'as  in 

conjunction  w'*.h  u t, q -ip  e ,•!], 

to  analvm  ■ • >-.ii  l.  'ic::  ^uojectc.  .v.i..  ; oort 

non-white  < P.c.on,  .ue  noni  ■■  'n->-)r,c  <-qij;,rp 

multi  Tit'de  rc:-i-  mse  hobi  tcu  o j.i.iorni 

press. ;.''C  uurcr'  -lat.-  ' .-.  h'mt  ..jstinefed  nv 

Geidc  [IIOl  Le.  I '.iti  ■'n  ^-.rr  ..  for  hwauis 

with  both  niiige,.  j ■ 
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BOOK  REVIEWS 


"SHOCK  AND  VIBRATION  COMPUTER  PROGRAMS" 
Review  of  Summaries 
SVM  10 

Edited  by  Walter  and  Barbara  Pilkey 
Shock  and  Vibration  Information  Center,  1975 


Both  sr)e'-i.)li/(3d  and  ijenoral  computer  prorjrains  have 
bL>en  documented,  sometimes  inadequately 
quirks  known  to  the  developer)  but  often  exception- 
ally well,  0(j.,  NASTRAN,  SAP  IV,  MARC,  and 
ANSYS. 

The  Pilkeys'  is  an  ufidate  and  extension  of  the  pre- 
viously reviewed  Structural  Mechanics  Computer 
Programs.  The  newer  bcxDk  is  limited  to  shock  and 
vibration  computer  programs  ana  exposes  the  user 
to  the  shortcomings  and  excellent  compositions  of 
popular  and  not  so-popular  pro  irams.  Due  to  the 
large  number  of  [lapers  (36)  '.ictions  are  placed 
on  the  reviews  of  these  (tapers.  The  book  is  divided 
into  two  main  sections,  each  of  which  is  considered 
below. 

The  section  on  com()uter  trroyrams  is  excellent.  The 
stationary  structures  iwrtion,  in  shock  and  vibration, 
contains  information  about  the  following;  bond 
gra()fi  theory,  transfer  functions,  torsional  systems, 
crash  simulation,  frames,  dynamics  of  spacecraft 
structures,  random  vibration  of  structures  (extreme- 
ly short),  seismic  anal /sis,  and  dynamic  buckling  of 
structures. 

The  machinery  dynamics  section  includes  informa- 
tion about  kinematics  and  dynamic  design  of  mech- 
chanisms,  rotating  machinery , and  oiitimum  design  of 
dynamic  mechanical  systems. 

The  section  on  noise  includes  the  following  predic- 
tion of  highway  noise  anrl  .rircraft  noise  (irediction. 
Solid  Mechanics  topics  include  nonlinear  transient 
rr/sponso  of  solids  and  time  dr.’tiendent  materials;  no 
mention  is  made  of  fracture  mechanics.  The  section 
on  data  processing  was  too  short,  es()C’'  iaily  ampli 
tilde  probahility  distributions  required  in  fatigue 
analysis  of  matr.'ri.ils  siihjuctod  to  stoth.istic  ininits. 
Fluid  structure  interaction  and  liquid  proiiell.int 


dynamic  analysis  are  included  in  flow-induced  struc- 
tural vibration. 

In  summary,  the  section  on  computer  programs 
shortchanges  aeroelasticity  - compressor  and  turbine 
blade  flutter,  panel  flutter  of  spacecraft  and  aero- 
space vehicles.  Fracture  mechanics  and  its  relation 
to  fatigue  are  not  included.  They  have  an  important 
role  in  metal  a[i()lications  to  vehicles  and  machinery. 

The  section  on  capabilities  and  routines  within  pro- 
grams is  more  theoretical  than  the  other  and  contains 
much  information  and  references  to  existing  pro- 
grams. There  are  chapters  on  damping,  eigenvalue 
extraction,  nonlinear  analysis,  numerical  stability 
(an  excellent  discussion),  fracture  and  fragmentation 
under  shock  loading,  and  inertial  matrices  for  finite 
elements.  Instead  of  an  introductory  chapter  about 
some  of  the  more  general  purfiose  prograrns,  the 
reviewer  would  have  preferred  a chapter  describing 
more  extensive  modal  analysis,  methods  of  con- 
densation, and  mass  and  amirlitude  normalisation. 

in  summary,  the  book  is  well  written,  considering 
the  number  of  contribtitors.  Th'-  eviower  notes  that 
a number  of  outdated  or  [ja'sr  .rograms  discussed 
in  Structural  Mechanics  Computer  Programs  were 
replaced  by  more  up-to-date  programs  in  the  new 
book.  The  editors  are  to  be  congratulated  for  assem- 
bling ttie  information  and  advising  audiors  about 
iotations  and  ways  to  obtain  the  programs,  both  o' 
which  ara  given  in  each  chat>ter. 


Herb  Saunders 
General  Florti  ic  Com(iany , LSTGD 
Schenectady,  New  York  123'16 
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NONLINEAR  VIBRATIONS  AND  TRANSIENT  PROCESSES  IN  MACHINES 
(Nelineinye  kolebaniya  i perekhodnye  protsessy  v mashinakh) 

Moscow,  l/datelstvo  ''Nauka”  (1972) 


Book  is  the  collection  ot  the  reports  on  the  topic 
concerned  with  the  problem  mentioned  in  the  title. 
The  reports  describe  the  works  of  the  group  of 
scientists  from  the  Institute  of  Science  of  Machines 
(Institut  Mashinovedeniya)  of  the  Soviet  Union 
Academy  of  Sciences.  The  part  of  the  report  is 
continuations  of  the  former  book  Kolebanija  i 
ustoytssyvost  pryborov,  mashin  i elementov  system 
upravlenya,  Nauka,  Moskva  1968r. 

The  collection  includes  42  reports  of  48  authors. 
Prof.  K.W.  Frolov  is  the  editor. 

The  reports  are  divided  in  the  seven  groups.  The  first 
(seven  reports)  concerns  problems  of  analysis  of  the 
vibrations  of  machines  by  limited  excitation,  i.e., 
the  source  of  energy  has  a limited  power.  It  is  a con- 
tinuation of  the  ideas  of  N.O.  Kononenko.  There 
are  investigated  theoretically  vibrations  of  the  sys- 
tems of  the  variable  coefficients,  the  systems  with 
the  two  control  functions,  the  statistical  dynamic 
of  systems  vibrator-machine,  theoretic  and  experi- 
mental investigations  of  the  hydraulic  pulsator 
and  vibratory  transporter. 

The  second  group  (two  reports)  concerns  the  investi- 
gations of  the  vibrations  of  machines  on  the  men 
operators. 

The  third  group  (nine  reports)  concerns  the  investi- 
gations of  the  transient  vibrations  of  the  systems 
with  random  stiffness,  the  transient  vibrations  by 
passing  the  resonance  zone,  the  transient  processes 
in  the  vibrating  systems  with  the  dry  friction,  the 
parametric  and  self-excited  vibrations.  The  vibrations 
of  fluids  in  the  vibrating  elements  of  hydraulic 
pumps,  the  problems  of  fluid  flow  through  the 
fissures,  the  vibrations  of  the  pendulum  with  variable 
length,  and  the  galloping  of  the  vehicle  are  investi- 
gated. 

The  fourth  group  (nine  re(jorts)  concerns  the  problem 
of  dynamical  processes  in  the  machines.  There  are 
problems  of  dynamic  multimass-system,  vibro-imfract 


system,  vibrations  of  the  systems  with  hysteresis, 
stiffness  of  the  ball  bearings,  dynamic  of  hydraulic 
machines,  calculation  of  the  frequencies  of  rotors, 
dynamic  of  flexible  rotors,  and  dynamic  of  vibrators. 

The  fifth  group  (five  reports)  concerns  the  methods 
used  to  analyze  vibrations  of  the  complicated  mech 
anical  system.  The  problems  of  mechaniral  and 
mathematical  models  of  hydraulic  and  pneumatic 
systems,  and  models  of  system  with  distributed 
masses  are  investigated.  There  are  also  investigated 
the  analytical  methods  especially  small  parameter 
methods.  There  are  investigated  the  dynamic  effects 

of  the  sudden  variations  of  systems  parameters  | 

values. 

The  sixth  group  (five  reports)  concerns  investigations 
of  self-excited  vibrations  of  machines.  The  problems 
of  synchronization  of  mechanical  vibrations  with 
dry  friction  and  the  vibrations  in  the  systems  with 
random  variable  parameters  are  investigated 

The  seventh  group  (five  reports)  concerns  the  meth- 
ods of  isolation  of  vibrations  of  the  machines  and 
devices.  The  investigations  of  dampers  of  mechanical 
and  pneumatical  vibrations  are  described.  The  reports 
concern  the  wide  domain  of  the  problems  of  non- 
linear vibrations.  The  high  scientific  level  of  these 
works  is  connected  with  the  applications  in  various 
types  of  machines. 

The  rich  bibliography  is  connected.  The  works  are 
useful  for  scientific  workers  in  the  field  of  nonlinear 
mechanical  vibrations. 


Z.  Osinski,  Poland 
Courtesy  of  Applied  Mechanics  Reviews 
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OPENING  SESSION 

(UrKlassified)  9 00  A M.  Tuesday,  October  18 

The  Playhouse 

Chairman  Mr  Jarries  Daniel.  U.S.  Army  Missile 

RestJdfch  d'xJ  Development  Command. 
Rtjdslone  Arsenal,  Alabama 

Cochairman  Mr  Henry  C Pusey.  Director.  Shock  and 

Vibration  Information  Center.  Naval 
Research  Latioratory . Washir>yton.  D.C. 

Welcome  Major  General  Charles  F Means.  Com 

marvJer.  U S Army  Missile  Research  and 
Development  Command.  Rerlslone  Ar- 
senal, Alatiama 

Keynote  Address  Dr  John  L.  McDaniel.  Deputy/Technical 
Director,  U.S.  Army  Missile  Research 
and  Development  Command.  Redstone 
Arstmal,  Alabama 

Invited  Speakers  “ShcKk  Response  Research  at  the  Water 
ways  Experiment  Station”  Colonel  John 
L Cannon,  Commander/Director.  U.S. 
Army  Engineer  Waterways  Experiment 
Station.  Vicksburg,  Mississippi 

“Technical  Information  Resources  for 
the  Shock  and  Vibration  Community” 
Mr  E.J.  Kolb,  Principal  Technical 
Information  Officer  for  the  Army.  Head- 
C4uarters,  U.S.  Army  Materiel  Develop- 
ment and  Readiness  Command.  Alex 
andria.  Virginia 

"Earthquakes  Their  Causes  and  Effects” 
Dr.  Robert  M.  Hamilton,  Chief.  Office 
of  Earthquake  Studies.  U.S.  Geological 
Survey,  Reston,  Virginia 

Session  1 A (Unclassified)  2:00  P.M.  Tuesday,  October  18 
Parlor  A 

MODAL  TEST  AND  ANALYSIS 

Chairman.  Mr  Brian  Keo<)an.  NASA  Goddard  Space 

Flight  Center.  Greenbelt,  Maryland 

Cochairman.  Mr.  Garland  D Johnston,  NASA  Mar 

shall  Space  Flight  Center.  Huntsville. 
Alabama 

1.  Force  Apportioning  for  Modal  Vibration  Testing  Using 
Incomplete  Excitation  G.  MOHOSOW,  Martin  Marietta 
Corporation.  D(?nver  CO  and  R.S,  AYRE,  University 
of  Colorado,  Bould^  r,  CO. 

2.  On  the  Distribution  of  Shaker  Forces  in  Multiple-Shaker 
MfKial  Testing  W.L,  HALLAUER,  Jr.  aixl  J.F  . STAF- 
FORD, Virginia  Polytcjchnic  Institute  and  Slate  Univor 
sity,  Blacksburg,  VA. 


3.  Modal  Confidence  Factor  in  Vibration  Testing  • S.R. 
IBRAHIM,  Old  Dominion  University.  Norfolk,  VA. 

4.  Scaling  and  Response  Predictions  of  Both  Model  arKi 
Prototype  Protective  Structures  to  Air  Blast  Loads  by 
Impedance  Techniques  • F B SAFFORD,  Agbabian 
Associates.  El  Segurvlo,  CA.,  R.E.  WALKER.  U.S  Army 
Waterways  Experiment  Station,  Vicksburg,  MS.  and 
T.E  KENNEDY,  Defense  Nuclear  Agency,  Washington, 
DC 

BREAK 

5 A Building  Block  Approach  to  the  Dynamic  Behavior  of 
Modal  Modeling  Techniques  M.  LAI  .^NNE,  J C CRO- 
MER. I. NS. A,.  Villeurbanne,  France,  and  D.  BONNE 
CASt  , L.L  GAUDRIOT.  Metravib,  Ecully.  France. 

6.  Advanced  Applications  of  Transfer  Functions  - J.R. 
FOWLER,  Hughes  Aircraft  Company,  El  Segundo.  CA., 
and  E.  DANCY,  Hewlett-Packard,  Los  Angeles,  CA. 

7.  Load  Transformation  Development  Consistent  with  Modal 
Synthesis  Techniques  R F.  HRUDA  and  P.J.  JONES. 
Martin  Marietta  Corp..  Denver.  CO 

8.  Reduced  System  Models  Using  Modal  Oscillators  tor 
Subsystems  (Rationally  Normalizett  Modes)  F.H. 
WOLFF  and  AJ.  MOLNAR.  Westinghouse  EU?ctric  Corp.. 
Pittsburgh,  PA 

SUPPLEMENTARY 

Laguerre  Polynomials  An  Approach  to  Measurement 
Representation  - G.R  SPALDING,  Wright  State  Univer- 
sity, Dayton,  OH. 

Session  18  (Unclassified)  2:00  P.M.  Tuesday,  October  18 
Parlor  B 

TRACKED  VEHICLES 

Chairman.  Mr  Donald  W Rees,  Chief  Applied 

Physic*^  Section.  U.S.  Army  Tank  Auto- 
motive Research  and  Development  Com 
mand,  \A  »rren.  Michigan 

Cochairman  Mr  Gorges  Garinther,  U.S.  Army  Human 

Enginotiring  Laboratory,  Aberdeen  Prov- 
ing Ground,  Maryland 

1.  Noise  in  Light  Weight  TracktxJ  Vehicles  • An  Overview 
J.T.  KALB,  U.S  Army  Human  Engineering  Laboratory, 
Aberdeen  Proving  Ground.  MD. 

2.  Analysis  of  Tracktjd  Vehicle  Dynamics  - A.G.  GALAITSIS. 
Bolt  Beranek  and  Newman,  Cambridge.  MA 

3.  Hull  Vibratory  Power  Flow  and  Resulting  Interior  Noise 
on  the  Ml  ?3A  Armorrxf  Personnel  Carrier  P.A.  RENT?. 
Bolt  Beranek  and  Newman,  Canoga  Park.  CA 
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4.  Reducing  Tracked  Vehicle  Vibration  and  Noise  • Hard- 
ware Considerations  - R.B.  HARE,  FMC  Corporation.  San 
Jose,  CA  and  T.R.  NORRIS,  Consultant,  San  Francisco, 
CA. 

BREAK 

5.  Tracked  Vehicles:  Noise  and  Vibration  Study  Using  a 
Reduced  Scale  Model  - T.R.  NORRIS,  Consultant,  San 
Francisco,  CA  and  D.W.  REES,  U S.  Army  Tank  Auto- 
motive Research  and  Development  Command,  Warren. 
Ml. 

6.  Use  of  an  Earth  Berm  to  Reduce  the  Environmental 
Noise  Impact  of  the  Test  Track  at  Detroit  Arsenal  N.D. 
LEWIS,  Bioacoustics  Division.  Army  Environmental 
Hygiene  Agency.  Aberdeen  Proving  Ground.  MD. 

7.  Noise  Limits  for  Army  Material  • Presentation  and  Dis- 
cussion with  Audience  Participation  • G.  GARINTHER, 
U.S.  Army  Human  Engineering  Laboratory,  Aberdeen 
Proving  Ground,  MD. 


Session  2A  (Unclassified)  9:00  A.M.  Wednesday,  October  19 
Parlor  A 

tNSTRUMENTATtON 

Chairman;  Mr.  Thomas  Kennedy,  Defense  Nuclear 

Agency,  Washington,  D.C. 

Cochairman.  Mr.  Ami  Frydman.  U.S.  Army  Harry 

Diamond  Laboratories,  Adelphi.  Mary- 
land 

1.  Angular  Vibration  Measurement  Techniques  • M.W. 
OBAL  and  P.W.  WHALEY,  Air  Force  Flight  Dynamics 
Laboratory,  Wright-Patterson  AFB,  OH. 

2.  High  Frequency  Ground  Vibration  Measurement  • H. 
NOt-LE,  Monash  University,  Clayton.  Australia 

3.  The  Reciprocity  Calibration  of  Vibration  Standards  Over 
an  Extended  Frequency  Range  - R.R.  BOUCHE.  Bouche 
Laboratories,  Tujunga,  CA. 

4.  Hydrodynamic  Ram  induced  Panel  Displacements  Deter- 
minml  by  a Moire  Fringe  Technique  • S.J.  BLESS.  J.P. 
BARBER  and  PF  FRY,  University  of  Dayton  Research 
Institute.  Dayton.  OH. 

SUPPLEMENTARY 

Data  Acquisitions  Systems  for  the  Immediate  Future  • 
J.F,  SCHNEIDER,  Air  Force  Weapons  Laboratory, 
Ktrlland  AFB,  NM 

BREAK 


LOADS  AND  ENVIRONMENTS 

Chairman  Mr.  Jerome  Pearson,  Air  Force  Flight 

Dynamics  Laboratory,  Wnght-Patterson 
AFB,  Ohio 

Cochairman  Mr.  Rudolph  H.  Volin,  Shock  and  Vibra- 

tion Information  Center,  Naval  Research 
Laboratory.  Washington.  D.C. 

5.  An  Investigation  of  Internal  Acoustic  Transmission  of 
Vibration  in  the  AIM-7E  Missile  - D B.  MEEKER  and 
T W.  ELLIOTT,  Pacific  Missile  Test  Center.  Point  Mugu, 
CA 

6.  The  Vibration  Response  of  the  Phoenix  Missile  in  ihe 
F-14  Aircraft  Captive  Flight  Environment  M E,  BURKE. 
Pacific  Missile  Test  Center.  Point  Mugu,  CA 

7.  Some  Dynamic  Response  Environmental  Measurements  of 
Various  Tactical  Weapons  - W,W.  PARMENTER,  Naval 
Weapons  Center.  China  Lake.  CA 

8.  Axial  Force  Functions  for  the  Water  Entry  of  Ogive 
Shapes  - J.L.  BALDWIN.  Naval  Surface  Weapons  Center, 
Silver  Spring.  MD. 

SUPPLEMENTARY 

Calculation  of  Attach  Point  Loads  Due  to  Combustion 
instabii'ity  in  the  Space  Shuttle  Solid  Rocket  Boosters  • 
F.R.  JENSEN  and  D.  WANG,  Hercules  Inc..  Magna.  UT. 

Session  2B  (Unclassified)  9:00  A.M.  Wednesday,  October  19 
Parlor  B 

STRUCTURAL  ANALYSIS 

Chairman.  Dr.  Nicholas  Basdekas,  Office  of  Naval 

Research,  Arlington,  Virgiriia 

Cochairman:  Dr  J.P  Balsara.  U.S.  Army  Engineer 

Waterways  Experiment  Station.  Vicks- 
burg, Mississippi 

1 A Source  of  Large  Errors  in  Calculating  System  Fre- 
quencies - R M,  MAINS.  Washington  University,  St 
Louis,  MO. 

2 Optimum  Element  Si<e  in  Shock  Load  Analysis  of  Buried 
Structures  - AK.  GUPTA  and  RR  ROBINSON.  liT 
Research  Institute,  Chicago,  IL 

3.  Finite  Element  Analysis  of  a Bolted  Structure  in  High 
Speed  Impacts  • J K.  GRAN,  L.E.  SCHWER.  J D COL 
TON  and  H.E,  LINDBERG.  SRI  Internationa),  Menlo 
Park,  CA, 

4 Wave  Prot)agation  in  Cylindrical  Shell  with  Joint  Dis- 
continuity A.  HARARI,  Naval  Underwater  Syster's 
Center,  Newport,  Rl 
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BREAK 


5.  Calculation  of  Natural  Frequencies  and  Mode  Shapes  of 
Mass  Loaded  Aircraft  Structures  - P.W.  WHALEY,  Air 
Force  Fligfit  Dynamics  Laboratory.  Wright-Patlerson 
AFB,  OH 

6 Rocket  Motor  Response  to  Transverse  Blast  Loading  • 
NJ  HUFFINGTON.  Jr  and  H L,  WISNIEWSKI,  U.S 
Army  Ballistic  Research  Laboratory.  Aberdeen  Proving 
Ground,  MD 

7.  Experimental  and  Theoretical  Dynamic  Analysis  of 
Carbon-Graph’»e  Composite  Shells  B.E,  SANDMAN  and 
A HARARE  Naval  Underwater  Systems  Center.  Nevv 
port,  Rl 

8 Use  of  Shock  Spectra  to  Evaluate  Jitter  of  a Flexible 
Maneuvering  Spac«K:raft  W J KACENA,  Martin  Marietta 
Corp.,  Denver.  CO, 

SUPPLEMENTARY 

SPAR  L KIEFLING,  Marshall  Space  Flight  Center, 
AL 


Session  2C  (Unclassified!  2:00  P.M.  Wednesday,  October  19 
Parlor  A 

SPECIAL  TOPICS 

Chairman:  Dr.  Robert  Sierakowski,  University  of 

Florida,  Gainesville,  Florida 

Cochairman  Mr.  Paul  Hahn,  Martin  Marietta  Corpora- 

tion, Orlando.  Florida 

1.  Environmental  Vibration  Data  Base  Management  System  • 
D,J.  MALSBARY.  G.E,  WADLEIGH,  and  W.E.  JENKINS, 
General  Dyriamics/Convair  Division,  San  Diego.  CA. 

2.  System  Hardness  Evaluation  by  Analysis  • W.H.  ROWAN. 
TRW  Systems  Group,  Redondo  Beach,  CA.  and  CAPT, 
D A.  SHUPE,  Ogden  Air  Logistics  Center,  Hill  AFB.  UT. 

3.  Bird  Impact  Loading  - CAPT,  J,S.  WILBECK,  Air  Force 
Materials  Laboratory,  Wright-Patterson  AFB.  OH.  and 
J.P.  BARBER,  University  of  Dayton  Research  Institute, 
Dayton,  OH. 

4.  Prediction  of  Constrained  Fragment  Velocities  • PS. 
WESTINE.  Southwest  Research  Institute,  San  Antonio. 
TX,  and  J.H  KINEKE,  Jr,.  Ballistic  Research  Labora- 
tories. Aberdeen  Proving  Ground,  MD. 

BREAK 

5.  Fracture  Mechanics  Applied  to  Step-Stress  Fatigue  Under 
Sine/Random  Vibration  R.G  LAMBERT,  General  Elec- 
tric Comfwny,  Utica,  NY, 


6.  Acoustic  Radiation  from  a Venturi  Type  Flowmeter  Due 
to  Hydrodynamic  Excitation  - G.H.  WEIDENHAMER, 
Bettis  Atomic  Power  Laboratory,  West  Mifflin.  PA  and 
R,  LINDNER,  Garrett  Air  Reserach,  Los  Angeles,  CA 

7.  A Non-Contactirig  Beta  Backscatter  Gage  for  Explosive 
Quantity  Measurement  - P.B.  HIGGINS,  R.A.  BENHAM 
and  F.H  MATHEWS.  Sandia  Laboratories.  Albuquerque, 
NM. 

8.  Testing  Piping  Constraint  Energy  Absorbers  for  Reactor 
Containment  Applications  • R.G.  YAEGER  and  R.C. 
CHOU,  Franklin  Institute  Research  Laboratories,  Phila- 
delphia. PA. 

SUPPLEMENTARY 

Parameter  Identification  Applied  to  Large  Flexible 
Structures  - W.R,  WELLS,  Wright  State  University, 
Dayton.  OH. 


Session  2D  (Unclassified)  2;00P.M.  Wednesday,  October  19 
Parlor  B 

PANEL  SESSION:  SOFTWARE  EVALUATION 


Moderator. 

Comodei'^’tor: 


Panelists. 


Dr.  Nicholas  Perrone,  Office  of  Naval 
Research.  Arlington,  Virginia 
Dr.  J.  Gordan  Showalter,  Shock  and 
Vibration  Information  Center.  Naval 
Research  Laboratory,  Washington,  D.C 
Mr,  William  Walker.  Air  Force  Office  of 
Scientific  Research.  Washington.  DC. 
Dr.  Michael  Gaus,  National  Science 
Foundation.  Washington.  D.C. 

Dr.  Walter  D.  Pilkey,  University  of  Vir- 
ginia, Charlottesville,  Virginia 
Mr,  E.J  Kolb.  Headquarters.  U.S  Army 
Development  and  Readiness  Command, 
Alexandria,  Virginia 


Inter  Agency  Software  Evaluation  Group 

The  Inter-Agency  Software  Evaluation  Group  (ISEG)  was  set 
up  for  the  purpose  of  formalizing  the  computer  program 
evaluation  process.  Criteria  for  computer  program  assessment 
are  being  carefully  considered  as  well  as  prospective  contrac 
tors  who  may  carry  out  such  assessments  in  detail  and 
communicate  results  of  the  same  to  the  public.  Participatir>g 
agencies  within  ISEG  include  Army,  Air  Force.  Navy.  NSF 
and  E RDA 

Initially  attention  is  being  focused  on  structural  mechanics 
related  software  The  panel  would  be  receptive  to  audience 
reaction  to  the  notion  of  objective  software  assessment 
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Session  2E  (Unclassified)  3:30  P.M.  Wednesday.  October  19 
Par/or  S 

PANEL  SESSION.  DATA  MANAGEMENT 

Moderator:  Major  David  R.  Spangler,  Defense 

Nuclear  Agency.  Washington.  D.C. 
Comoderator  Mr  Edwin  J.  Martin.  General  Electric/ 
Tempo.  Santa  Barbara.  California 
Panelists.  Mr  James  A Malthan.  Agbabian  Asso- 

ciates. El  Segundo,  California 
Mr,  Wilbur  Rinehart.  NOAA,  Boulder, 
Colorado 

Mr.  Donald  J.  Malsbary.  General  Oynam- 
ics/Convair  Div..  San  Diego.  California 
Mr.  Clarence  A.  Davidson,  Sandia 
Laboratories.  Albuquerque,  New  Mexico 

The  purpose  of  this  session  is  to  provide  information  on 
existing  data  files  of  interest  to  the  shock  and  vibration 
community  and  to  present  several  approaches  to  the  manage- 
ment of  data  so  that  users  may  derive  maximum  benefit.  The 
panel  is  expected  to  answe.  questions  on  current  methods  of 
handling  data  and  to  solicit  requirements  from  users  that  are 
not  addressed  In  their  present  data  management  systems. 
Approximately  thirty  minutes  will  be  provided  for  questions 
and  comments  from  the  audience. 


Session  3A  (Unclassified)  9:00  A.M.  Thursday,  October  20 
Parlor  A 

SHORT  DISCUSSION  TOPICS 

Chairman  Dr.  Grant  Gerhart.  U.S.  Army  Tank 

Automotive  Research  and  Development 
Command,  Warren,  Michigan 

Cochairman  Mr.  Tommie  Dobson,  6585  Test  Group, 

Holloman  AFB.  New  Mexico 

This  session  will  program  papers  cove'^ing  progress  reports  on 
current  research  efforts  and  unique  ideas,  hints  and  kinks 
on  instrumentation,  fixtures,  testing,  analytical  short  cuts 
and  so  forth.  It  is  intended  to  provide  a means  for  up-to-the- 
minute  coverage  of  research  programs  and  a forum  for  the 
discussion  of  useful  Ideas  and  techniques  considered  too 
short  for  a full-blown  paper 

If  you  f.ave  a contribution  to  offer,  the  enclosed  "Short 
Topic"  form  may  still  reach  SViCby  the  12  September  1977 
deadline.  A list  of  speakers  will  be  included  in  the  final 
program. 


Session  3B  (Classified)  9:00  A.M  Thursday,  October  20 
Rocket  Auditorium 

CLASSIFIED  SESSION 


Chairman:  Mr.  David  M Hurl.  Naval  Ship  Engineer- 

ing Center,  Washington.  D.C 

Cochairman:  Dr.  Alan  Ross.  University  of  Florida 

Graduate  Engineering  Center.  Eglin 
AFB.  Florida 

1.  Three-Dimensional  Soil  Island  Calculation  of  an  Em- 
bedded Reinforced  Concrete  Structure  Subjected  to  a 
Simulated  Nuclear  Explosion  - H.  S,  LEVINE,  J.  P. 
WRIGHT,  J.  ISENBERG,  arxJ  J.  BAYLOR.  Weidlinyer 
Associates.  Menlo  Park,  CA. 

2.  Shock  Loading  of  Submerged  Submarines  from  Near- 
Surface  Air  Bursts  of  Large  Conventional  Explosive 
Charges  - M.W.  OLESON,  Naval  Research  Laboratory. 
Washington,  D.C.,  Y.  PARK.  Naval  Ship  Engineering 
Center,  Washington,  D.C.,  and  R.O  BELSHEIM.  NKF 
Engineering  Associates,  Inc.,  Silver  Spring,  MD 

3.  Analysis  of  Acoi.slic  Coatings  by  the  Finite  Element 
Method  - A.J  KALINOWSKI.  Naval  Underwater  Systems 
Center,  New  London,  CT, 

BREAK 

4.  Development  and  Validation  of  Pre-Launch  Shock  Capa 
ility  for  the  Navy's  Tomahawk  Cruise  Missile  • W.M. 
DREYER,  R.E.  MARTIN,  and  R.G.  HUNTINGTON. 
General  Oynamics/Convair  Division.  San  Diego.  CA 

5.  Structural  Response  of  Earth  Penetrators  m Angle-of- 
Attack  Impacts  - J.D.  COLTON,  SRI  International. 
Menlo  Park . CA. 

6.  Characterization  of  Torpedo  Structural  Modes  and 
Resonant  Frequencies  - C.M.  CURTIS  ai.d  B.E.  SAND 
MAN,  Nava)  Underwater  Systems  Center.  Newport.  Rl. 


Session  3C  (Unclassified)  2:00  P.M.  Thursday.  October  20 
Parlor  A 

VIBRATION  TESTING 

Chairman;  Mr.  Richard  D.  Baily.  Material  Test 

Directorate.  Aberdeen  Proving  Ground. 
Maryland 

Cochairman.  Mr,  Fred  Anderson.  U.S.  Army  Missile 

Research  arxl  Development  Commaixl. 
Redstone  Arsenal.  Alabama 

1-  On  the  "Integrated"  Testing  of  Complex  Systems 
R.L.  WOODFIN.  Naval  Weapons  Center.  China  Lake,  CA 

2 A Mathematical  Method  for  Determining  a Laboratory 
Simulation  of  the  Captive  Flight  Vibrational  Environ- 
ment  • S.  OGDEN,  Pacific  Missile  Test  Center.  Point 
Mugu.  CA 
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3.  Acoustics  or  Shakers  for  Simulation  of  Captive  Flkjiit 
Vibration  ■ A VI.  SPANDRIO  and  Vi.E.  BURKE,  Pacific 
Missile  Test  Center.  Point  Mugu.  CA, 

4.  Automatic  Environmental  Control  System  for  Mission 
Profile  Testing  ■ R SCHILKEN.  Pacific  Missile  Test 
Center.  Point  Mugu.  CA 

BREAK 

5.  A Free  Flight  Simulation  of  Cruise  Type  Missile  Environ- 
ments - J.O  JONES,  Pacific  Missile  Test  Center,  Point 
Mugu.  CA. 

6 Broad-Band  Mechanical  Vibration  Amplifier  • R.T. 
FANDRfCH.  Harris  Corp  , Melbourne,  FL 

7.  Stability  and  Frequeficy  Response  of  Hydromechanical 
Shakers  in  Vibration  Rigs  • S SANKAR,  Concordia 
University,  Quebec,  Canada 

8 MIL  STD-78fC  Random  Reliability  Testing  Performed  by 
Using  Acoustic  Coupling  S M.  LANORE.  Harris  Corpora- 
tion, Melbourne,  F L. 


5.  Vibrations  of  a Compressor  Blade  with  Slip  at  the  Root  - 
D.I.G.  JONES.  Air  Force  Materials  Laboratory.  Wright 
Patterson  AFB,  OH.  and  A,  MUSZYNSKA,  Institute  of 
Fundamental  Technological  Research,  Polish  Academy  of 
Sciences,  Warsaw,  Poland. 

6.  Response  of  a Helical  Spring  Consid'Ting  Hysteretic  and 
Viscous  Damping  ■ P.F,  MLAKAR  and  R.E.  WALKER, 
U.S.  A.'my  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

7 Multi-Variable  Optimization  for  the  Vibration  Isolation 
of  Road  Vehicle  Suspensions  - E.  ESHAILZADEH, 
Massachusetts  Institute  of  Technology.  Cambridge,  MA. 

8.  Non-Amplifying  Seismic  Restraint  for  Vibration  isolated 
Equipment  - P.  BARATOFF  and  B MUI,  Korfund  Dy- 
namics Corporation,  Westbury,  NY, 

SUPPLEMENTARY 

Isolation  Mounts  for  the  MEAO-B  X-ray  Telescope  • 
H.  HAIN,  Lord  Kinematics,  Erie,  PA.  and  R MILLER. 
American  Science  and  Engineering,  Cambridge.  MA, 


Session  3D  (Unclassified)  2:00  P.M.  Thursday,  October  20 
Parlor  B 

ISOLATION  AND  DAMPING 

Chairman:  Professor  F C Nelson,  Department  of 

Mechanical  Engineering,  Tufts  Univer- 
sity. Mtxfford,  Massachusetts 

Cochairman.  Mr  Irvin  P Vatz,  Teledyne  Brown 

Engineering,  Huntsville,  Alabama 

1.  A Proposed  Specification  for  Damping  Material  Perfor 
mance  - D.I.G.  JONES  and  J.P,  HENDERSON,  Air  Force 
Materials  Laboratory,  Wright-Pattorson  AFB,  OM. 

2 A Reduced-Temperature  Nomogram  for  Characterization 
of  Damping  Materia!  Behavior  D I G.  JONES,  Air  Force 
Materials  Laboratory,  Wrigfit-Patterson  AFB,  OH, 

3 Computerized  Processing  and  Empirical  Representation  of 
Viscoelastic  Material  Property  Data  and  Preliminary 
Constrained  Layer  Damping  Treatment  Design  L 
ROGERS,  Air  Force  Flight  Dynamics  Laboratory,  Wright- 
Patters<m  AFB,  OH.  and  A.  NASHIF,  Anatrol  Corpora 
tion.  Cincinnati,  OH. 

4 Nf»w  Structural  Damping  Technique  for  Vibration  Con- 
trol ■ B.M.  PATEL  and  G.E.  WARNAKA,  Lord  Kine- 
matics, Erie.  PA.,  and  D.J.  MEAD.  University  of  Soutn- 
ampton.  Southampton,  UK. 

BREAK 
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SHORT  COURSES 


SEPTEMBER 


KIMTK  KIT.MKNT  MODKLINC;  WORKSHOP 

Dates  SeiMenibu''  29  and  30,  1977 
Place.  O'Harc;  Hilton,  Chicago,  Illinois 
Objective  The  program  for  this  Vibration  Institute- 
sponsored  worksho[)  includes  lectures,  drrrnonstra 
tions,  .ind  [iroblem  solving  srrssions  on  the  use;  of 
finite  element  orienieHj  computer  i;odes  to  solve 
engineering  problems.  Eitt()hasis  ivill  be  on  moileling 
hardware  to  olrtain  thermal,  stress,  and  vibration 
data.  Existing  cornpriter  codes  --  NASTRAN,  ANSYS, 
and  SAP  - will  bit  used.  The  [xirpose  of  this  work 
shot)  is  to  teac.h  tjeneral  purpose  computer  codes  to 
solve  engineering  (iroblems,  Ear.h  particifiant  will 
have  the  o[)()ortunitv  to  run  a problem  on  a remote 
terminal  situated  in  the  classroom. 

Contact  Vibration  Institute,  101  W,  55th  St., 
Clarendon  Hills,  IL  6051 4-131 2)f)54-2254/654  2053 


OCTOBER 


NOISK  CONTROL 

Dates:  October  13  - 15,  197  7 

Place:  Hampton,  Vinjinia 

Objective.  An  intensive  short  cotirse  on  noise  control 
will  be  (iresented  immediately  (ireceeding  NOISE- 
CON  77,  the  1977  National  Confitrenco  on  Noise 
Control  Enginrtering.  The  presentations  will  covitr 
fundamentals  of  acoustics  anti  noise  (.ontrol;  design 
of  facilities  for  noise  control,  noise  measurements  and 
data  reduction,  and  acoustical  standards  usitd  in  noisft 
measurements. 

Contact  NOISE  CON  77  Conferonert  Secretariat, 
P,  O.  Box  34139,  Arlington  Branch,  Poughkeepsii', 
NY  12603-1914)462  6719 


1977  ASgC/SRK 

RKLIAUH.n  V ANHyiM.n  V CONTROL 
SEMINAR 

Dates  Of.tober  22,  1977 

Place  Niagara  Hilton,  Niagara  Kails,  NY 

Objective.  The  1977  ASQC/SHE  Reliability  and 
Ouality  Control  seminar  will  bo  concitrned  with 
burn  ifi  ovens,  in-circuit  tttsters,  tf'sling  on  I C boards, 
inspei  tion  and  tpiality  control  technioues,  et)ui()ment 
retJiacement,  and  operational  influences  on  reliability 
The  keynote  speaker  will  tre  Rear  Admiral  Robert 
W Watkins,  USN. 

Contai.t  Lc'inard  Krant/  (ASOC),  Bell  Aerospace 
Textipn,  PO  Box  1,  Buffalo,  NY  14240  (716) 

297  1000,  Txt,  7032 


OIKTS  I SKRS  WORKSHOP 

Dates  Octobei  31  November  4.  1977 
Place  The  University  of  Arizona,  Tut  son 
Objectiye  To  introduce  the  users  to  thi;  GIFTS 
Systetn  and  I'rovide  them  with  adeguate  experience 
with  an  understanding  of  the  iirogram.  The  GIFTS 
[irogram  is  a collection  of  program  modules  designrxi 
to  handle  finite  element  computations  in  an  auto- 
mated, graiihii  ally-oriented  fashion.  The  progranis 
run  in  a small  core  si'ace  on  many  mini-computers 
and  time  sharing  systems.  The  (irogr.mi  cai'abilties 
int.lude  automatic  model  and  load  generation,  result 
display,  static  and  dynamic  analysis  includitig  sub- 
structuring. It  is  exticcted  that  additional  modules 
will  be  available  for  solid  analysis  and  distilay,  as 
well  as  axisymmetric  solid  analysis  umier  arbitrary 
loading. 


Contact  The  Uniwrsity  of  Arizona,  Sper  iai  Pro- 
fessional (duration  ColliKje  of  F ni)rg.,  Tucson,  AZ 
B5721  (6021  884  ,3054/884  1755 


NOVEMBER 


Contact:  Tustin  Institute  of  Technoloq\,  Inc., 
22  E.  Los  Olivos  St.,  Santa  Barbara,  CA  93105 
(805)963-1124 
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MACHINKRY  VIBRATION 

Dates  November  8 ■ 10,  1977 

Place  Cherry  Hill,  New  Jersey 

Objective:  Lectures  and  demonstrations  on  rotor  dy- 
namics and  torsional  vibration  have  been  scheduled 
tor  this  seminar.  General  sessions  on  the  opening  day 
are  intended  to  serve  as  a review  of  the  technology; 
included  are  the  concepts  of  critical  speeds,  reso- 
nances, and  stability  of  machines;  the  finite  element 
method;  and  rotor  dynamic  measurements.  Double 
sessions  on  rotor  dynamics  and  torsional  vibrations 
will  be  held  on  the  second  and  third  days.  The 
following  topics  are  included  in  the  rotor  dynamics 
sessions  bearing  (antifriction  and  fluid  film)  dy- 
namics, rotor  dynamic  calculations,  dynamics  of 
foundations,  application  of  large  computer  programs 
for  structural  vibration  analysis,  modern  balancing 
techniques  and  applications,  and  solutions  to  indus- 
trial balancing  problems.  The  sessions  on  torsional 
vibration  feature  fundamentals,  modeling  measure- 
ment and  data  analysis,  self-excited  vibrations, 
isolation  and  damping,  transient  analysis,  and  design 
of  machine  systems.  Participants  will  be  able  to 
attend  lectures  in  the  area  commensurate  witti 
their  interests. 

Contact:  Vibration  Institute,  101  W.  55th  St., 
Clarendon  Hills,  IL  60514  (31 2)654  2254/654  2053 


AN  INTRODUCTION  TO  MBR  VTION 
AND  SHOCK  SCRVIVABICrrY.  MKASl  RKMKNT, 
ANALYSIS.  CALIBRATION.  AND  TKSTINO 

Dates  November  7 11,  1977 

Place.  Washington,  D C. 

Objective:  This  course  is  inbindod  to  provide  a basic 
education  in  resonance  and  fragility  (vulnerability) 
phenomena,  in  vibration  and  shock  environmental 
measurement  and  analysis,  also  in  vibration  and 
shock  testinij  to  prove  reliafiility.  This  seminar  will 
benefit  quality  and  reliability  personnel,  test  labor- 
atory managers,  engineers  and  aides,  plant  engineers 
and  maintenance  supervisors,  packaging  and  trans- 
portation engint'ers,  men  in  Government  and  military 
ai  tivities  and  their  contractors.  There  <iro  no  definite 
prercHguisites  for  tfhs  course, 


THE  I5TH  ANM  AL  RELIABILITY 
ENGINEERING  AND  MANAGEMENT  INSTITl  TE 

Dates'  November  14  - 18,  1977 

Place:  Tucson,  Ari.,'ona 

Objective  This  seminar,  presentwi  by  the  Univ.  of 
Arizona,  College  of  Engineering  and  Honeywell  Infor 
Illation  Systems,  Arizona  Computer  Operations, 
Phoenix,  is  designed  to  cover  the  following  subjects 
Reliability  Engineering  Theory  and  Practice,  Compo- 
nent, Equipment  and  System  Reliability  Prediction; 
Reliability  Testing  and  Demonstration,  Maintain- 
ability Engineering  Theory  and  Practice,  Safety,  Li- 
ability; and  Reliability  Maintainability  Management. 

Contact  Dr.  Dimitri  Kecerioglu,  Aero.  & Mecli. 
Engrg.  Dept.,  Univ.  of  Arizona,  Bldg.  16,  Tucson,  AZ 
85721  (602)  884-2495/884-3901/884-3054 


ACOl  STICAL  MODELING  WORKSHOP  IV 

Dates  November  14  18,  1977 
Place  MIT,  Cambridge,  Massachusetts 
Objective  Participants  will  liuild  their  own  models, 
take  and  interpret  data  to  solve  complex  acoustic 
propagation  [iroblems  Sessions  will  consider  aiiplica- 
tions  of  data  to  environmental  noise  prediction, 
evaluation  of  noise  control  measures,  and  site  selec- 
tion for  buildings,  roadways  and  guidoways.  Some 
siibiects  covered  include  sound  speed,  trequency  and 
geometric  scaling,  air  absorption,  surface  reflectivity, 
impulsive  and  continuous  signals,  st'atial  distribution 
of  sources,  interior  and  exterior  noise  situations  and 
their  characteristics,  effei  t of  barriers  and  absorbers 
in  control  of  noise,  control  of  reverlieration , and 
the  use  of  data  in  design. 

Contact  Ms  M Toscano,  Rin,  3-366,  Acoustical 
Modeling  Workshop  IV.  Massai husetts  Institute  of 
Technology.  Cambridge.  MA  021  39 
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NEWS  BRIEFS 


B news  on  current 
g and  Future  Shock  and 
M Vibration  activities  and  events 


TRACK/TRAI.N  DVNAMICS  CONKKRENCK 
IN  CHICAGO 

A conference  on  Advanced  Techniques  in  Track/ 
Train  Dynamics  and  Design  will  be  held  on  Septem- 
ber 27  & 28,  1977,  at  the  O’Hare  Hilton  in  Chicago, 
under  the  auspices  of  the  Track /Train  Dynamics 
program.  Leading  authorities  will  present  papers 
and  will  participate  in  panel  discussions  on  the 
topics  of  the  current  state-of-the-art  in  structural 
mechanics,  dynamics  and  mechanics  of  materials 
as  applied  in  the  rail  indusir/.  Structural  mechanics 
and  train  dynamics  computer  programs  will  be 
demonstrated,  and  terminals  will  be  available  for 
"hands-on"  demonstrations  and  trials  of  existing 
programs.  Some  interactive  graphics  preprocessors 
and  postprocessors  will  be  exhibited. 

For  more  information,  please  contact. 

Gerald  J.  Moyar 

Manager,  Task  IX,  Advanced  Analytical  Techniques 
Track/Train  Dynamics  II 
AAR  Technical  Center 
3140  South  Fftderal  Street 
Chicago,  I L 6061 6 


CAU.  FOR  PAPERS 

Symposium  on  Future  Trends  in  Computerized 
Structural  Analysis  and  Synthesis 

The  purpose  of  this  symposium,  to  be  held  at  the 
Mariott  Hotel  at  Twin  Bridges,  Washington,  D C.,  on 
October  30'November  1,  1978,  is  to  provide  multi- 
disciplinary medium  tor  communicating  recent  and 
projected  advances  in  computer  hardware,  software, 
numerical  analysis,  applied  mechanics  and  their  ap- 
plication to  future  structural  analysis  and  synthesis 
systems.  Papers  are  invitf’d  tjn  the  impact  of  doveloti- 


ment  in  each  of  the  aforementioned  areas  on  struc- 
tural analysis  and  synthesis.  Authors  should  submit 
three  copies  of  an  extended  abstract  of  about  1 ,000 
words  prior  to  September  30,  1977.  One  page  ab 
stracts  are  also  solicited  on  current  research  in  pro- 
gress for  short  presentations  at  special  sessions. 

For  further  information  contact  the  Conference 
Co-Chairmen: 

Prof.  Ahmed  K.  Noor 
MS-246 

George  Washington  Univ.  Center 
at  NASA-Langley  Research  Center 
Hampton,  VA  23665 


Prof.  Harry  Schaeffer 
Dept,  of  Aerospace  Engrg. 

Univ.  of  Maryland 
College  Park,  MD  20742 


CALL  EOR  PARERS 

24th  International  Instrumentation  Symposium 

This  Symtjosium,  presented  by  Aerospace  Industries 
and  Test  Measurement  Divisions  of  the  Instrument 
Society  of  America,  at  the  Hilton  Hotel  in  Albuquer- 
que, New  Mexico  - May  1 - 4,  1978,  has  been  estab- 
lished as  the  outstanding  forum  for  presentftion  of 
original  work  in  aerositace  and  test  measurement 
instrumentation.  In  addition  to  the  paper  sessions, 
tutorials  and  workshops,  tours  of  Los  Alamos  and 
Sandia  Laboratories  will  be  included. 

For  further  information,  contact. 

Allen  Diercks 
Endovco 

Rancho  Viejo  Road 
San  Juan  Capistrano,  CA  92675 
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ANALYSIS  AND  DESIGN 


ANALOGS  AND  ANALOG 
COMPUTATION 

(Also  see  No.  1540) 


77-1 5.^5 

Vibrational  Control  Theory 

S.M.  Mnerkov 

Inst  of  Control  Sciences,  Moscow.  USSR,  J.  Franklin 
lnst.,;TO  (2),  pp  117  128  (Feb  1977)  27  refs 

Keywords:  Vibration  control 

The  theory  of  vibrational  control  is  developed.  The  necessary 
and  sufficient  conditions  for  vibrational  stability  of  linear 
dynamic  systems  are  found.  Basic  relations  of  the  vibrational 
control  method  and  the  optimal  shape  of  vibrations  are 
determined.  Unlike  conventional  methods,  based  on  feedback 
or  feedforward  principles,  the  method  of  the  paper  does  not 
require  measurement  of  the  deviations  or  disturbances. 


OPTIMIZATION  TECHNIQUES 


TT-1 .5H6 

riic  Application  of  llic  Opliiiii/.atioii  Method  to 
Dynamic  Problems  of  Computer-Aided  Design 
(I  ber  die  Anwendnng  von  Opthnierimgsverfabren  bei 
dynamijM-lien  Problemen  in  der  reclineriinterstut/ten 
Konst  rnktion) 

A.  KHnaradios 

Lohrslutil  f MasUiinonidcrnentG  u.  !<onstruktion- 
slohre  dor  Ruhr  Univcrsitdt . Bochimi,  Konstruktion, 
28  (2),  pp  53-58  (Feb  1076)  10  fic|S,  13  refs 
(In  Gertnan) 

Key  Words:  Computer-aided  design.  Optimization,  Dynamic 
structural  analysis 

The  method  of  optimization  is  firmly  established  in  several 
areas  of  technology  (e.g.,  controi  theory,  space  flight  etc.). 
Recently,  this  theory  has  been  gaining  in  importance  in  the 
construction  field.  A discussion  of  all  available  optimization 
methods  of  interest  to  designers  is  presented. 


77-1 5.17 

Miilliplc  Time  ScaUiig  foi  Analysis  of  Third  Order 
.Non-Linear  Differential  Kqiialions 

R.N.  Tiwari  and  B.  Subranianian 
Duin.  of  Electrical  Enqnj.,  Indian  Inst,  of  Tech., 
Kanpur  - 208016,  India,  J.  Sound  Vib.,  52_  (2),  pi' 
165-169  (May  22,  1977)  2 firjs,  6rofs 

Key  Words;  Perturbation  theory.  Transient  response.  Steady 
state  response 

The  two  time  perturbation  procedure  has  been  employed  for 
investigating  the  transient  and  the  steady  state  analysis  t f 
third  order  non-linear  non-autonomous  differential  equa- 
tions. 


STABILITY  ANALYSIS 


77-1538 

On  the  Stability  of  Systems  of  C.onpicd  Partial 
Differential  Kr|iialions  nilh  Handoin  K.ycitalion 

G.  Ahinadi 

Dept,  of  Moch.  Eni)nj.,  Pahlavi  Univ.,  Shira/,  lian, 
J,  Sound  Vib.,  52  (1),  pp  27-35  (IVlay  8,  1977) 
1 6 refs 

Key  Words:  Stability  analysis.  Flutter,  Plates,  Shells,  Rods 

The  stability  of  the  null  solution  of  a class  of  a system  of 
coupled  partial  differential  equations  with  stationary  random 
coefficients  is  studied.  Criteria  for  near  asymptotic  stability 
of  the  equilibrium  state  are  established.  Some  examples  of 
the  application  of  the  results  to  engineering  problems  are 
presented.  A variational  scheme  for  improvement  of  the 
stability  criteria  is  also  discussed. 


STATISTICAL  METHODS 

(Also  sne  No.  1 607) 


77-1539 

Some  K.leiiients  in  St.alislieal  K.iiergv  Analy.'ii.x 

G (Vlaidanik 

David  W.  Taylor  Naval  Ship  Ros.  and  Dev.  CeiUer, 
Bethnsda,  MD  20084,  J.  Sound  Vib.,  52  (2),  pp  171 
191  (May  22,  1977)  5 liqs,  11  infs 

Key  Words:  Statistical  energy  analysis.  Noise  control 
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PERTURBATION  METHODS 


Rt'sonani  responses  of  t>asic  dynamic  systems  within  a spec- 
ified frequency  band  are  defined  and  an  elementary  Statisti- 
cal Energy  Analysis  fSEA)  is  detailed.  The  application  of  the 
elementary  SEA  to  noise  control  engineering  is  exemplified 
by  a situation  involving  a complex  system  that  can  be  model- 
ed by  two  coupled  basic  dynamic  systems.  The  significance 
of  upgrading  the  elementary  SEA  is  discussed  and  demon- 
strated by  an  example. 


FINITE  ELEMENT  MODELING 

(See  No.  1558) 


MODELING 

(See  No.  1696) 


1 1 fi(js,  2 tables,  9 refs 
(In  German) 

Key  Words:  Vibration  reduction,  Bearings,  Engines,  Design 

techniques 

An  accurate  stress  prediction  is  obtained  when  the  reciprocal 
action  of  the  torque,  which  excites  the  vibrators  In  the  drive 
direction,  and  the  mechanical  vibration  is  taken  into  con- 
sideration. Machine  equations  and  equations  of  motion  are 
treated  at  the  same  time  in  the  computer.  Forces  or  moments 
introduced  into  the  driven  side  by  the  operation  must  be 
known  exactly.  In  the  article  three  examples  from  the  area 
of  general  machine  design,  relating  to  the  above  problem 
are  discussed. 


DIGITAL  SIMULATION 


DESIGN  TECHNIQUES 

{See  No.  1 663) 


77-1540 

Seminar  on  I'mler.slaiulin^  Digital  (.ontrol  and 
Analysis  in  V ibralion  Test  Sysleiiis 

NASA,  Goddard  Space  Flight  Center,  Grcenbelt, 
MD,  Conf.  Proc  held  at  Greenbelt  MD,  17-18  June 
1975,  and  Pasadena,  CA,  22-23  July  1975,  Rent.  No. 
NASA-TM-X-74637,93pp  (May  1975)  refs 
N/7-20514 

Key  Words:  Digital  techniques.  Analog  simulation.  Random 
vibration.  Shock  testing 

Methods  of  computer-controlled  random  vibration  and 
reverberation  acoustic  testing,  methods  of  computer-con- 
trolled sinewave  vibration  testing,  and  methods  of  computer- 
controlled  shock  testing  are  covered.  General  algorithms  are 
described  in  the  form  of  block  diagrams  and  flow  diagrams. 
The  advantages  of  digital  methods  over  analog  vibration 
methods  are  demonstrated. 


CRITERIA,  STANDARDS,  AND 
SPECIFICATIONS 


Some  Reeeiit  Developments  in  Nois»'  Legislation 

C.E.  Mather 

Public  Works  Dept.,  Western  Australia,  Vibration  and 
Noise  Control  Engineering,  Proceedings,  Sydney, 
Australia,  pp  30-35  (Oct  1 112,  1976) 

Key  Words;  Noise  reduction.  Regulations 

This  paper  details  some  of  the  more  recent  developments  in 
environmental  and  occupational  noise  legislation  in  England 
and  America,  compares  their  similarities  and  differences, 
and  makes  some  observations  regarding  their  effectiveness. 


DESIGN  INFORMATION 

(Also  Sf)e  No  1627) 


\ iiiralion  UrMlurlion  in  Machine  Sysloiiis  by  Means 
of  ('.ompiifcr- Aiderl  Paraiiirfer  Disrussioii  in  the 
Design  Stage  (Seliwingungsminderung  in  Maseliinen- 
.svstemen  dureh  reelmergestiit/.te  Parameferdisknssion 
in  der  kon.stniktioiisphase) 

D.  Wiinsch  and  A.  Seolignr 

Institut  f,  Fordortnehnik  u Gctrirtbctedinik  dnr  T U 
Hi.’rlin,  Konstrnktion,  28  (9),  pp  347-352  (Sopt  1976) 


77-1543 

Noise  Levels  and  Tlieir  Measmements  and  Inteqrreta- 
tion  in  the  Vicinity  of  Military  .\irfields 

S.  Kanagasabay 

Directorate  of  Civilian  Medical  Services,  Ministiy  of 
Defence,  London,  UK,  In  AGARD  Special  Aspects 
of  Aviation  Occupational  and  E nvironmental  Medi 
cine,  6 pp  (Fob  1977)  refs  (N77-20735) 

N77-20742 

Key  Words  Aircraft  noise,  Traffic  noise,  Industrial  facilities, 
Noise  measurement.  Regulations 


r 


Indexes  for  nuisance  noise  from  road  traffic,  aircraft,  and 
industrial  premises  were  formulated  and  related  to  the 
civilian  environment.  The  noise  source  from  aircraft  and  in 
particular,  the  noise  in  the  vicinity  of  airfields  was  studied.  In 
view  of  already  existing  legislation  providing  recompense  for 
the  population  affected  by  noise  levels  in  excess  of  criteria 
laid  down  for  civil  airfields,  The  Royal  Air  Force  was  re- 
quired to  develop  criteria  for  noise  in  the  vicinity  of  military 
airfields. 


77-1544 

Waterfront  Occupational  Noises 

H.J.  Parry  and  J.K.  Parry 

Parry  Noise  Consulting,  444  NE  Ravenna  Blvd., 
Seattle.  WA  98115,  Noise  Control  Enyr.,  ^ (2),  pp 
61  68  (Mar/Apr  1977)  6 figs,  5 tables,  6 refs 


Key  Words;  Industrial  facilities.  Noise  reduction.  Regula- 
tions 

A recent  study  of  the  noise  exposure  of  various  workers  at 
the  Port  of  Seattle.  Washington,  is  described.  An  earlier 
study  identified  work  areas  and  equipment  that  might 
constitute  violations  of  federal  and  state  regulations.  For 
these  possible  problems,  work-shift  exposures  were  measured, 
and  engineering  and  administrative  controls  were  recom- 
mended and  implemented  in  some  situations. 


77-1545 

Review  of  ('.oristniction  Nois*‘  Lej^^i.slation 

Task  Committee  on  Noise  and  Vibration  of  tlie 
. Committee  on  Social  and  Environmental  Concerns 

in  Construction  of  the  Construction  Div.,  ASCE  J. 

, Struc.  Div.,  1^  (COD,  pp  123-137  (Mar  1977) 

! 7 tables,  7 refs 

Key  Words;  Construction  equipment.  Construction  industry, 
i Noise  generation.  Noise  reduction.  Regulations 

I Noise  prediction  schemes  currently  used  by  various  com- 

^ munities  are  discussed.  Three  major  cities  in  the  United 

I States,  Los  Angeles,  Chicago,  and  New  York,  have  enacted 

• legislation  dealing  specifically  with  construction  noise.  These 

I ordinances  are  reviewed  with  respect  to  their  influence  on 

! the  contractor  and  the  construction  equipment  manufac- 

turer. Noise  emission  standards  for  portable  air  compressors 
are  analyzed  as  an  example  of  newly  proposed  standards. 
Noise  control  guidelines  for  the  construction  contractor  are 
recommended. 


SURVEYS  AND  BIBLIOGRAPHIES 

(Also  Sfit)  No  1G/3) 


77-1546 

Aircraft  Sonic  Boom:  Studies  on  Aircraft  Flight, 
Aircraft  Design,  and  Measurement  (.A  Hildiograph) 
with  Abstracts) 

G.H.  Adams 

National  Tech.  Informacion  Service,  Springfield , VA  , 
Supersedes  NTIS/PS-76/01 75,  148  pp  (Apr  1977) 
NTIS/PS-77/0218./6GA 

Key  Words:  Bibliographies,  Sonic  boom,  Aircraft  noise, 

Aircraft,  Design  techniques 

Aerodynamic  design  of  aircraft  and  wings,  flight  characteris- 
tics and  maneuvers,  supersonic  transport  characteristics, 
acoustic  fields  and  noise  measurement,  Government  policies 
and  regulations,  meteorological  parameters,  shock  waves,  and 
supersonic  and  hypersonic  wind  tunnel  tests  a^’e  discussed. 
Structural  and  biological  effects  are  documented  in  separate 
published  searches.  This  updated  bibliography  conta  ns 
143  abstracts,  24  of  which  are  new  entries  to  the  previous 
edition. 
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Aircralt  Sonic  Boom:  Effects  on  Buildings  (.A  Biblio- 
graphy with  Abstracts) 

G.H.  Adanis 

National  Tech.  Information  Service,  Springfield,  VA., 
Supersedes  NTIS/PS-76/01 76,  75  pp  (Apr  1977) 
NTIS/PS-77/0219/4GA 

Key  Words:  Bibliographies,  Sonic  boom.  Aircraft  noise, 

Buildings 

Research  findings  are  cited  on  the  effects  of  sonic  booms 
on  buildings,  structural  components,  forms,  windows,  and 
walls.  Test-house  investigations  are  included,  along  with 
damage  analysis  and  vibration  response.  Documentation  is 
made  on  residential  buildings.  Other  topics  contained  in  the 
volume  range  from  theory  to  failure  analysis.  Sonic  boom 
propagation  and  effects  on  biological  forms,  including  numan 
responses,  are  cited  in  separate  bibliographies.  This  updated 
bibliography  contains  70  abstracts,  10  of  which  are  new 
entries  to  the  previous  editon. 


77-1548 

Noiiiiticar  Acoustics  (A  Bibiiograpliy  with  .Al)stracls) 

D.W.  Grooms 

Natiotidl  Tecli.  Information  Service.  Spritigfield,  VA., 
Supersedes  NTIS/PS-76/0235,  NTlS/PS-75/351  and 
COM  74  10868,  122  pp  (Apr  1977) 
NTIS/PS-77/0203/8GA 

Key  Words  Bibliographies,  Sound  transmission 


U) 


r 


Studies  inciude  nonlinear  acoustic  theory  and  applications 
to  sound  transmission  in  the  atmosphere,  underwater,  solids, 
liquids,  and  gases.  Nonlinear  relationships  are  also  presented 
for  shock  tubes,  sonar  equipment,  son  c boom^,  acoustic 
defectors,  sound  generators,  acoustic  delay  lines,  porous 
materials,  pipes,  ducts,  and  jet  engine  noise.  This  updated 
bibliography  contains  118  abstracts,  31  of  which  are  new 
entries  to  the  previous  edition. 


COMPUTER  PROGRAMS 


GENERAL 

(Also  see  Nos.  1617,  1719,  1 723) 


77-1549 

(!alriiialioii  anci  Optitiii/ation  of  r<mi|iressioii  S|>rint;s 
bv  Means  of  a Desk  Calculator  (Driickfedeibeiech- 
niing  iiiul  -opliniieruii"  luit  (lein  Tischrecluier) 

P Frotich 

Luft-  II  Rauinfahrt  bereich  der  Nord-  Micro  GmbH, 
Ber(|crvEnkhotni,  Konstruktion,  28  (6),  pp  227-228 
(June  1976) 

(In  German) 

Key  Words:  Computer  programs.  Springs,  Optimization 

Computer  operation  for  the  calculation  of  compression 
springs  on  a desK  calculator  is  described.  The  program  cal- 
culates all  types  of  springs  and  optimizes  the  springs  (cylin- 
drical coil  springs  from  round  wire)  for  a complete  material 
utilization. 


77-1550 

(.oiii|mter  Prt>sirain  for  the  Curvatures  and  Accelera- 
(ioris<d'  Keclan^itlar  I Jnk-( ioniierlinii  Points 

K Main 

Kortstmkrion,  ^ (11),  pf>  417  422  (Nov  1976) 
(In  Gentian) 

Key  Words;  Computer  programs.  Graphic  methods,  Power 
transmission  systems 

In  the  application  of  connecting  curves,  often  it  is  not 
sufficient  to  know  the  curve  shapes.  The  /elocity  and  >he 
acceleration  of  the  connecting  points  describing  the  curve  are 
also  of  equal  interest.  A simple  computer  program  indicates 
some  relationship  between  curvature  and  acceleration,  but 


not  an  exact  agreement.  The  computer  program  described  in 
the  article  is  based  on  diagram  series  ■ calculation  method, 
which  connects  tiie  advantages  of  both  graphic  and  calcula- 
tion methods. 


77-1551 

K<'liabili(>  Sltidj  of  SI\(/KR.  Volmiir  I.  \jlidalit>n 
of  Model 

S.M.  HoUor,  A.E.  Somers,  and  J.C.  Bradshaw,  Ml 
De[)t.  of  Civil  Enyrg.,  Virginia  Polytechnic  Inst,  and 
Stale  Univ.,  Blacksburg,  VA.,  Rept,  No.  AFWL-TR- 
76-1 92-Vol  1,92  p[)  (Jan  1977) 

AD-A037  819/OGA 

Key  Words:  Computer  programs.  Dynamic  structural  analy- 
sis, Reinforced  concrete.  Hardened  installations 

The  first  volume  of  the  report  is  connected  with  the  refine- 
ment and  the  demonstration  of  the  current  capability  of  the 
computer  code  SINGER.  The  function  of  SINGER  is  to 
predict  the  complete  response  (including  element  failures 
and  structural  collapse)  of  skeletal  reinforced  concrete 
structures  to  static  and  dynamic  loads. 


77-1552 

ApphVafiou  of  .VASTKAX  (o  Denerfiou 

Supersonic  FluUer  of  Panels 

C Mei  and  J.L.  Rogers,  Jr. 

Langley  Res.  Center,  NASA,  Langley  Station.  VA.. 
In  NASA,  Langley  Res.  Center  NASTRAN;  User's 
Exfieriences,  f)p  67-98  (Oct  1976)  refs  (N77-20485) 
N77 -20490 

Key  Words;  NASTRAN  (computer  program).  Computer 
programs,  'flutter.  Panels 

Flat  panel  flutter  at  high  supersonic  Mach  number  is  analyzed 
using  NASTRAN  Level  16.0  by  means  of  modifications  to 
the  code.  Two-dimensional  plate  theory  and  quasi-steady 
aerodynamic  theory  are  employed.  The  finite  element  formu- 
lation and  solution  procedure  are  presented.  Modifications 
•o  the  NASTRAN  code  are  discussed.  Convergence  charac- 
teristics of  the  Iteration  processes  are  also  briefly  discussed. 
Effects  of  aerodynamic  damping,  boundary  support  condi- 
tion and  applied  in-plane  loading  arc  included. 


77-1  553 

('.nrrrlahnii  of  \ll-|(i  \irframc  Test  Data  nitb  a 
\ \SrU  \\  MallM'inatiral  Model 

1 D Cmnl  hitr  V I R-'iiy 


do((  Heficoptor  Co.,  Fort  Worth.  TX.  Rr.'pt.  No. 
NASA-CR145119.  Rept-699-099-01 6.  160  pp  (Feb 
1976) 

N7M9488 

Key  Words:  NASTRAN  (computer  program).  Computer 

programs,  Experimental  data.  Airframes 

Test  data  were  provided  for  evaluating  a mathematical 
vibration  model  of  the  Bell  AH-1G  helicopter  airframe. 
The  math  model  was  developed  and  analyzed  using  the 
NASTRAN  structural  analysis  computer  program.  Data  from 
static  and  dynanr^c  tests  were  used  for  comparison  with  the 
math  model.  Static  tests  of  the  fuselage  and  tailboom  were 
conducted  to  verify  the  stiffness  representation  of  the 
NASTRAN  model.  Dynamic  test  data  were  obtained  from 
shake  tests  of  the  airframe  and  were  used  to  evaluate  the 
NASTRAN  model  for  representing  the  low  frequency  (below 
30  Hz)  vibration  response  of  the  airframe. 


77-1 55  !■ 

S<»iiie  .A|iplu'atioMS  of  (In*  .VVSTKAN  Level  16 
Siilisonie  Kliitter  .Analysis  Capability 

R V.  Doyyett,  Jr  and  H J Cunninyharri 
Lanyley  Res.  Center,  NASA.  Langley  Station,  \/A., 
In  NASA  Langley  Res  Center  NAS  I RAN.  User's 
Experiences,  pp  495-512  (Oct  1976)  refs(N 77-20485) 
N77-20508 

Key  Words;  NASTRAN  (computer  programs).  Computer 
programs,  Flutter,  Aircraft  wings 

The  Level  16  flutter  analysis  capability  was  applied  to  an 
aspect-ratio-6.8  subsonic  transport  type  wing,  an  aspect-ratio- 
1.7  arrow  wing,  and  an  aspect-ratio-1.3  all  movable  horizon- 
tal tail  with  a geared  elevator.  The  transport  wing  and  arrow 
wing  results  are  compared  with  experimental  results  obtained 
in  the  Langley  transonic  dynamic  tunnel  and  with  other 
calculated  results  obtained  using  subsonic  lifting  surface 
(kernel  function)  unsteady  aerodynamic  theory. 

77-1555 

f)«'v<4opineiiL  f)ociiinenfa(ion  ami  Correlation  of  a 
N.ASTK.AN  \ ibratioii  Model  of  tlie  .Alf-l(i  llelic(»pter 
Airframe 

J D Cronkliitf) 

Bell  Heliropter  Co.,  Fort  Worth,  fX,  In  NASA  Ames 
Res.  Center  NASTRAN  User's  Fxp**rionces,  [i|i  273- 
294  (Oct  1976)  refs  (N77-2U485) 

N 77-20500 

Key  Woros;  NASTRAN  (computer  program)  , Computer 
programs.  Helicopters,  Vibration  response 


NASTRAN  was  evaluated  for  vibration  analysis  of  the 
helicopter  airframe.  The  first  effort  involved  development  of 
a NASTRAN  model  of  the  AH-IG  helicopter  airframe  and 
comprehensive  documentation  of  the  model.  The  next  effort 
was  to  assess  the  validity  of  the  NASTRAN  model  by  com- 
parisons with  static  and  vibration  tests. 


77-1 556 

Tliermal  and  Structural  Aiialvsis  of  Mclicoptcr 
Traii.siniitvsion  Housings  L sing  .N.ASTHAV 

R W.  Howells,  J.J.  Sciarra,  and  G.S.  Ny 
Boeing  Vertol  Co.,  Philadelphia.  PA.,  In  NASA  Atties 
Res.  Center  NASTRAN.  User's  Experiences,  pp 
353-380  (Oct  1976)  refs  (N77-20485) 

N77-20503 

Key  Words;  Housings,  Power  transmission  systems.  Helicop- 
ters, NASTRAN  (computer  program).  Computer  programs 

The  application  of  NASTRAN  to  improve  the  design  of 
helicopter  transmission  housings  is  described.  A finite  ele- 
ment model  of  the  complete  forward  rotor  transmission 
housing  for  the  Boeing  Vertol  CH-47C  helicopter  was  used 
to  study  thermal  distortion  and  stress,  stress  and  deflection 
due  to  static  and  dynamic  loads,  load  paths,  and  design 
optimization  by  the  control  of  structural  energy  distribution. 
The  analytical  results  are  correlated  with  test  data  and  used 
to  reduce  weight  and  to  improve  strength,  service  life,  fail 
safety,  and  reliability.  The  techniques  presented,  although 
applied  herein  to  helicopter  transmissions,  are  sufficiently 
general  to  be  applicable  to  any  power  transmission  system. 


77-1557 

A VASTR.AN  Implcmcnfation  of  (be  Doubly  Ajivtiip- 
(olir  Apf)ro.\imafion  for  l iidcrH alcr  Shock  Rcs[ums<' 

G.C,  Everstino 

Naval  Ship  Ros.  and  Dev.  Center,  Washjnqton,  D.C., 
In  NASA  Arnes  Res.  Center  NASTRAN  Usf'r's 
Experiences,  pp  207-228  (Oct  1976)  refs  (N77 
20485) 

N77-20497 

Key  Words:  NASTRAN  (computer  program),  Submerged 

structures.  Underwater  explosions 

A detailed  description  is  given  of  how  the  decoupling  ap- 
proximation known  as  the  doubly  asymptotic  approximanon 
IS  implemented  with  NASTRAN  to  solve  shock  problems  *or 
submerged  structures.  The  general  approach  ir>volves  locating 
the  nonsymmetric  terms  (which  couple  structural  and  fluid 
variables)  on  the  right  hand  side  of  the  equations.  This 
approach  results  in  coefficient  matrices  of  acceptable  band- 
width but  degrades  numerical  stability,  requiring  a smaller 
time  step  size  than  would  otherwise  be  usetl.  It  is  also  shown 


how  the  structure's  added  (virtual)  mass  matrix,  is  calculated 
with  NASTRAN. 


NASA  Atties  Res.  Center  NASTRAN.  User's  Ex 
periences,  pp  515-530  {Oct  1976)  refs  {N77-20485) 
N77-20509 


77-1558 

A Finite  Kleineiil- Analytical  Method  for  Modelin*# 
a Structure*  in  an  Infinite  Fluid 

P R.  Zarda 

Naval  Ship  Res.  and  Dev,  Center,  Washington,  D.C., 
In.  NASA  Arnes  Res.  Center  NASTRAN  User's 
Experiences,  pp  251-272  (Oct  1976)  refs(N77  20485) 
N77-20499 

Key  Words:  NASTRAN  (computer  program).  Computer 

programs.  Interaction:  structure-fluid.  Finite  element  tech- 
nique 

A method  is  described  from  which  the  interaction  of  an 
elastic  structure  with  ''  mfinite  acoustic  fluid  is  determined. 
The  displacements  of  the  structure  and  the  pressure  field  of 
the  immediate  surrounding  fluid  are  modeled  by  finite  ele- 
nrents.  and  the  remaining  pressure  field  of  the  infinite  fluid 
region  is  given  by  an  analytical  expression.  This  nethod 
yields  a frequency  dependent  boundary  condition  for  the 
outer  fluid  iK)undary  when  applied  to  the  frequency  response 
of  an  elastic  beam  in  contact  with  an  acoustic  fluid. 


77-1559 

\ .huiiiiiiary  of  N \STK  AN  Fluid. Strurliirc  liilrr- 
action  ( .apdliilities 

•\  J K.iiifu  .vski  arul  J.S.  Patel 

Naval  ■ SvSI*mos  Ceritcr.  Now[)ort.  Rl, 

In  NA'.jA  A'tu?s  Rns  Center  NASTRAN  User's 
' f \p«-f  u-:-.  cb.  ( p .^29  250  (Oct  197b)  rets(N77-20485) 

*/7  204‘\H 

[ Key  Words  NASTRAN  (computer  program).  Computer 

programs.  Interaction  structure-fluid 

A summary  of  fijid/struclure  interaction  capabilities  for  the 
NASTRAN  computer  program  is  presented  Indirect  applica- 
tions of  the  program  towards  solving  this  class  of  problem 
were  emphasised  For  completeness  and  comparative  pur- 
poses, direct  usage  of  NASTRAN  is  briefly  discussed. 

t 

1 

^ T7-ir,6<l 

^ Modal  Sri.'anir  AiiaKsl.s  of  a Niirlrar  Powrr  Plant 

k (.ontnd  Paii<*l  an<l  (!oin|)ariM>n  nilh  S \P  X 

k MR  Pamidi  and  P H.  PjiTiidi 

t Sargent  and  l.nndy,  [ ngint*ers,  Chnago,  IL,  In 


Key  Words.  NASTRAN  (computer  program).  Computer 
programs.  Nuclear  power  plants.  Seismic  response,  Beams. 
Membranes 

The  application  of  NASTRAN  to  seismic  analysis  by  con- 
sidering the  example  of  a nuclear  power  plant  control  panel 
was  considered.  A modal  analysis  of  a three-dimensional 
model  of  the  panel  consisting  of  beam  and  quadri-lateral 
membrane  elem»*nis,  is  performed.  Using  the  results  of  this 
analysis  and  a typical  response  spectrum  of  an  earthquake, 
the  seismic  response  of  the  structure  is  obtained. 


77-1561 

R«‘al  Fdjieiivaluo  .Analysis  in  NASTRAN  by  the  Tri- 
diagonal  Reduction  (FKFR)  Method 
M.  Nowrnan,  P.F  Flanayen.  and  J.L.  Rogers,  Jr. 
Langley  Res.  Center,  NASA,  Langley  Staticn,  VA., 
In  NASA  Langley  Res.  Center  NASTRAN  User's 
Experiences,  pp  127-148  (Oct  19761  (N77-20485) 
N77-20493 


Key  Words:  NASTRAN  (computer  program),  Computer 

programs.  Eigenvalues 

Implementation  of  the  tridiagonal  reduction  method  for  real 
eigenvalue  extraction  in  structural  vibration  and  buckling 
problems  is  described.  The  basic  concepts  underlying  the 
method  are  summarized  and  special  features,  such  as  the 
compulation  of  error  bounds  and  default  modes  of  operation 
are  discussed.  In  addition,  the  new  user  information  and 
error  messages  and  optional  diagnostic  output  relating  to 
the  tridiagonal  reduction  method  are  presented.  Some 
numerical  results  and  initial  experiences  relating  to  usage  in 
the  NASTRAN  environment  are  provided,  induding  com- 
parisons with  other  existing  NASTRAN  eigenvalue  methods. 


77-1562 

\ (ioMiparison  of  (he  Two  N ASTRAN  Differenlial 
Stiffness  rechni<|ucs 

J.R  McDonough 

Coni[)iitor  Sciences  Corp..  Los  Angeles,  CA..  In 
NASA  Ames  Res.  Center  NASTRAN  User's  Ex- 
pt.TK.’ni  es,  pp  149  160  (Oct  1976)  rpfs(N77-2048b) 
l\l/7  20494 

Key  Words  NASTRAN  (computer  program).  Computer 
programs.  Stiffness  methods 


NASTRAN  contains  two  techniques  to  solve  the  differential 
stiffness  problems.  One  is  incorporated  in  a new  static  analy- 
sis rigid  format  and  the  other  is  contained  in  a new  normal 
modes  analysis  rigid  format.  The  two  techniques  relative  to 
computatiorial  accuracy  and  time  of  execution  are  compared. 


ENVIRONMENTS 


ACOUSTIC 

(Also  see  Nos  1543,  1544.  1546,  1547,  1548.  1572, 
1573,  1593,  1594,  1595,  1622,  1674,  1675,  1687 
1688,  1689,  1700,  1703,  1705) 
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Knergy  Obiervations  in  Striirture-Uoriie  Noise  (ieiier- 
atioii  and  Radiation  (Kncrgicbctrarlilungen  /.ur 
Korprrst'hallentslcliung  und  -ausbreilung) 

M Heck  I 

Inst.  f.  Techn.  Akustik  an  d T.U.  Berlin,  Konstruk 
tion,  2^  (9),  pfi  353-358  (Se|)t  1976)  5 figs,  7 .ets 
I In  German) 

Key  Words;  Noise  generation,  Sound  transmission 

In  numerous  structure-borne  noise  problems  a series  of 
useful  and  far  reaching  conclusions  may  be  drawn  'ror.i 
energy  observations.  This  is  true  In  the  generation  of  struc- 
ture-borne noise  as  well  as  in  its  propagation  and  damping. 
From  the  knowledge  of  certain  degrees  of  transmission 
(coupling  factors)  the  structure-borne  noise  transfer  from 
one  part  to  another  may  be  calculated.  For  low  dampino 
a simple  equation  for  the  energy  distribution  was  obtained. 


77-1 564 

Melhods  of  Coiiliiiiious  '\inbieiil  Noisi'  Level  Mon- 
itoring 

J C.  Wood iruj  and  I. A,  Charity 

State  Electricity  Comtnis‘'ion  of  Victoria,  Australia, 
Vibration  and  Noise  Control  Enqineoriny,  Proceed- 
ings, Sydney,  Australia,  fjp  141  142  (Oct  11-12, 
1976)  3 figs 

Key  Words  Industrial  facilities.  Noise  reduction 

This  is  a discussion  of  the  measurement  and  analysis  of  noise 
over  periods  longer  than  a few  hours.  It  is  based  on  the 


experience  of  engineers  of  the  Slate  Electricity  Commissio»- 
of  Victoria  (Australia)  working  in  this  area 


77-1 565 

Kiigiiieeriiig  Noist*  (.oiilrol  lor  a t’rocfjw*  Hlanf 

J C.  Sfiearer 

R.  Bruce  King  ^ ■ laios  Pty  Ltd.,  Adelaid* 

Australia,  Vibration  au.J  Nuise  Control  Enginccnn-,, 
Proceedings,  Sydney.  Austrilia,  pp  "'39  140  (f>t 
1112,  1976) 

Key  Words.  Industrial  facilities.  Noise  control 

The  problems  and  methods  of  engineering  noise  control  ir. 
rotation  to  the  design  of  a new  process  plant  are  described 
and  discussed,  using  the  new  Clinker  Production  Plant  of 
Adelaide  Cement  Company  Ltd.  as  a specific  example.  It 
is  concluded  that  consideration  should  be  given  to  noise 
control  engineering  ui  the  earliest  stage  of  planning  for  a new 
process  plant. 


PERIODIC 


77-1566 

laiicari/.atioii  for  Noii-I jiiear  DviiatiiKai 

Systriiis 

P ^ . Spanos 

Ph.D.  Tliosis.  California  tnsi.  of  Technology,  1 1'>4  pp 
(1977) 

UM  77-10,473 

Key  Words:  Multi-degr ee-of-freedom  systems.  Dynamic 

systems,  Pe'iodic  excitation,  Random  excitation 

This  dissertation  is  concerned  with  the  application  of  linear i- 
zat.on  techniques  to  the  study  of  the  response  of  non-linear 
dynamical  systems  subjected  to  periodic  and  random  excita- 
tions. A general  method  for  generating  an  approximate  solu- 
tion of  a multi-degree-of-freedom  non-linear  dynamical 
system  is  presented.  This  method  relies  on  solving  an  opti- 
mum equivalent  linear  substitute  of  the  original  system.  The 
new  method  for  tiansient  response  is  applied  to  the  random 
response  of  a Duffing  Oscillator  and  a Hysteretic  System.  The 
solution  for  the  Duffing  Oscillator  is  compared  with  data 
obtained  by  a Monte  Carlo  study. 


RANDOM 

(Sep  No.  1566) 


SEISMIC 

(See  Nos.  1560,  1677,  1678,  1679,  1680) 


SHOCK 

(Also  see  Nos.  1557,  1597,  1698,  1716) 
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Consideration  of  Cround  and  ,\ir  \ iliration  Problems 
.\ssociated  with  Surface  lllasting  Operations 

B..J.  Kennedy  and  T N.  Hagan 

Mount  Isa  Mines,  Ltd.,  Australia,  Vibration  and 
Noise  Control  Engineering,  Proceedings,  Sydney, 
Australia,  f)p  71-75  (Oct  11-12,  1976)  4 figs,  9 refs 

Key  Words;  Blast  effects,  Ground  vibration.  Shock  response 

This  paper  considers  established  damage  and  response  criteria 
and  the  blasting  techniques  by  which  vibrations  can  be  re- 
duced to  levels  that  cause  neither  damage  nor  complaints. 
Acceptable  levels  for  structures  and  personnel  are  given. 


77-1568 

Control  of  Vibrations  Due  to  Blasting 

E.J.  Polak  and  D.G.  Bennett 

Bureau  of  Mineral  Resources,  Canberra,  Austra*ia, 
Vibration  and  Noise  Control  Erujineerinq,  Proceed- 
ings, Sydney,  Australia,  pp  76-80  (Oct  11-12,  1976) 
6 figs,  1 3 refs 

Key  Words:  Blast  effects.  Ground  vibration.  Vibration 

control 

During  blasting  operations  the  energy  released  from  an 
explosive  charge  travels  in  the  form  of  body  waves  and  air 
waves.  The  effect  on  objects  depends  on  the  amount  of 
explosive  and  its  distribution,  the  distance  from  explosion, 
the  geological  nature  of  the  ground,  and  the  properties  of 
the  object.  Safe  charge  size,  maximum  particle  velocity,  and 
controlled  delay  blasting  are  discussed. 
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Oulruntiing  (irouiul  Shock  Moilcis 

I Nelson  and  G.Y  Baladi 

v’eujlingr;r  Associates,  New  York,  NY,  ASCE  J. 
End..  Mech.  r)iv.,  iQ3  (EM3),  pp  377-393  (June 
1977‘ 


Ground  shock  response  is  calculated  for  a layered  site  under 
the  airblast  loading  from  a nuclear  burst,  u ;ing  two  advanced 
mathematical  models,  i.e.,  the  variable  moduli  arxJ  CAP 
(CAP  model  is  an  elastic  nonideally  plastic  constitutive 
relation  employing  a yield  surface  that  combines  both  ideal 
plasticity  and  strain  hardening)  models.  The  computer 
time  histories  of  the  motion  from  the  two  calculations  are 
compared  at  several  ranges,  extending  from  the  superseismic 
region  into  the  outrunning  region. 


77-1570 

.\  Siiiiplinccl  Model  of  Shock-iin-Sliock  Interaction 

G.F . Aiello 

Martin  Marietta  Aerospace,  Orlando,  EL.,  Rept.  No. 
OR-14282.  DNA-4190F,  66  pp  (Aug  1976) 

AD-A037  247/4GA 

Key  Words:  Explosion  effects.  Shock  waves.  Reentry  ve- 

hicles. Mathematical  models 

A simplified  model  is  presented  of  the  shock-on-shock 
problem  as  it  pertains  to  the  encounter  between  a supersonic 
cone  and  a planar  blast  wave.  The  model  provides  an  accurate 
and  inexpensive  means  of  predicting  the  circumferential 
distribution  of  peak  pressures  and  pulse  duration  for  all 
encounter  angles  between  nose-on  and  broadside  with  the 
cone  at  zero  or  small  angles  of  attack. 


77-1571 

Predicting  Impact  Wear 

P.A.  Engel 

IBM  Corp.,  Endicott,  NY,  Mudi.  Des.,  ^ (12), 
pp  100-105  (May  26,  1977)  10  figs,  1 table 

Key  Words;  Impact  response,  Wear.  Design  techniques 

Until  now,  no  analytical  method  has  been  available  for 
predicting  impact  wear.  With  the  new  method  given  here, 
not  only  can  you  predict  how  f^^st  impacting  parts  will  wear, 
you  can  also  adjust  design  paran.eters  to  minimize  wear. 


TRANSFORATION 

(Also  sec  Nos.  1602,  1658) 
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InvoHication  of  Neliiciilar  Noise  Levels  in  llieli 
Sirei'l,  Maitland,  New  Soulli  Wales 

A..)  Cdrniidiael  and  E Lfet.' 

l-liintL'r  Distria  Wdtrr  [5o.iid,  Vibration  and  Noise 
Control  En(]in(H'tinrj,  Pnui'criinijs,  Sydney,  Austr  liu. 
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Key  Words  Ground  stiocl<.  Air  blast.  Nuclear  explosion 
effects 
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PP  125-126  (Oct  1 1 12,  19761  2 tables,  2 refs 

Key  Words  Traffic  noise 

A noise  study  undertaken  for  a busy  commercial  main 
street  revealed  the  need  tor  such  studies  for  urban  planning. 
The  study  also  revealed  that  uncontrolled  vehicular  use  in 
such  areas  could  create  a community  health  hazard. 


77-1573 

\oiso  Cliaractcristu  s of  One  Type  of  l)ies<‘l*Knfrineti 
Milling  Kront-Kiid  Loader 

V.  Mason  and  H.J.  Hooker 

Suiiar  Research  Inst.,  Mackay,  Australia,  Vibration 
and  Noise  Control  Enijinoeritig,  Proceedings,  Sydney , 
Australia,  pp  133  134  (Oct  11  12,  1976)  2 fiijs,  1 
tat)le 

Key  Words;  Transportation  vehicles.  Noise  generation, 
fcfigine  nois«.  Gear  boxes 

Noise  sources  on  the  low  profile  front-end  loaders  used 
extensively  in  the  mining  industry  were  investigated.  Tests 
on  seven  vehicles  covering  a range  of  sizes  and  engines  show- 
ed that  in  all  cases  the  gearbox  was  the  major  noise  source 
Other  major  sources  were  the  engine,  the  exhaust  and  the 
hydraulic  system.  Engine  and  gearbox  noise  radiated  by  the 
bodywork  was  significant.  Measures  required  to  reduce  the 
noise  level  at  the  driver's  position  to  90  dB(A)  ^rom  a maxi- 
mum of  about  106  dBfA)  are  discussed. 


77- 1 .>7  f 

(;\l-,V\'i;  (Pn)posi-il  (lonlaiiier  for  (;IU -7.5/li), 
Koir;;h  lluiidliiiu,  Viltralioii  and  Morliaiiiral  Handling.' 
Tfsfs 

f^.T.  CSiiilions 

Air  Forc.G  PG(.kn(|inii  I vijlij.uion  Agency,  Wiight 
P.merson  ArR,  OH.  Rg|iI  No.  PTPD  774,  22  pp 
M;)f>  1077) 

Al)  A0RG8R//0GA 

Key  Words  Shipping  containers.  Packaging,  Ammunition, 
Transportation  effects,  Vibration  tests 

Developments  in  the  area  of  munitions  transportation  and 
storage  have  eliminated  the  need  for  sealed  metal  containers 
for  some  we<*r)ons  systems.  This  was  the  case  when  ADTC/ 
SDM.  Eglin  Al-B,  Florida,  prooosed  an  open  metal  crate  to 
replace  the  GNU  218  container  for  the  CBU-75/B  dispenser 
bomb  The  development  of  open  metal  crates  is  reviewed. 


PHENOMENOLOGY 


DAMPING 


77-1575 

TransitMit  Kespoiisi*  of  (lontiiiuoiis  Ma.slic  Slnu  fmo:* 

W.  Pilkoy  and  J.  Sircnkowskt 

Depi.  of  Mech.  Engry.,  Univ.  of  Virginia,  Chdrlonos 
ville,  VA.,  F-lept.  No.  UVA/525303/ML- 77/101 . 
72  pp  (Feb  19771 
AD-A037  001/5GA 

Key  Words:  Transient  response.  Structural  members.  Modal 
analysis.  Elastic  properties.  Viscoelastic  properties.  Damping 
effects 

A general  theory  for  the  dynamic  response  of  linear  damped 
continuous  structured  members  is  formulaterl  with  a modal 
analysis.  The  theory  applies  to  elastic  or  viscoelastic  solids. 
Proportional  and  non-proportional  damping  are  inc.tudea 


77-1576 

Kffects  <»f  Sfvrral  <»f  Damping  on  lh<* 

ral  lieliavi<»r  r>f  llarmoiiirally  Sinrjlt'-negrer- 

of-Lm‘iloin  Syst<»ins 

l.f  Byers 

Defense  Hi*sean:h  bab..  Texas  Uf'iv.  at  Austin,  IX. 
Rcpt.  No.  DRL-A-272.  H>3  pp>  iJan  2.  1967' 

AD  A036  695/5GA 

Key  Words:  Single-  degree-of-freedom  systems,  Damping 

effects,  Harmonic  excitation 

This  thesis  presents  an  accurate  solution  of  several  types  of 
damping  on  the  dynamical  behavior  of  harmonically  forcetl 
single-degree-of-freedom  systems.  The  study  is  l>ased  on  the 
fur)damental  parameters  of  the  system.  The  fundamental 
response  is  described  with  reference  to  the  equivalent  damp- 
ing energy,  the  Ritz  method,  and  dimensional  analysis. 
Dimensional  analysis  is  used  to  develop  a method  for  pre- 
dicting the  general  response  diagram  characteristics.  The  high 
accuracy  of  the  solutions  permitted  the  collection  of  some 
very  important  design  data.  The  results  are  presented  In  both 
graphical  and  tabular  form  and  may  be  useful  to  those  en- 
gaged in  calibration,  design,  and  data  analysis  of  work  re- 
quiring an  accurate  solution. 
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Vibration  Damping  by  Kriotion  in  Structural  Joints 

R.S.H.  Ricfiardson 

Dept,  of  Mecfi.  Entjry.,  Monasfi  Univ..  ALisiralia, 
Vibration  and  Noise  Control  tngineerincj.  Proceed* 
intjs,  Sydney,  Australia,  fjp  117-118  (Oct  11-12, 
1976)  2 fiys,  2 refs 

Key  Words.  Coulomb  friction,  Vibration  damping.  Slip 
joints 

There  is  a need  for  methods  of  predicting  energy  rlissipation 
in  common  joint  configurations.  In  this  paper  a simple  over- 
lapping joint  between  two  flat  metal  surfaces  is  considered. 


FATIGUE 

(Also  sue  Nos.  16'i7,  17041 


77-1578 

Slreii^lh  (Calculations  of  (lie  Mulliaxial  Pliasr-Sliiftcd 
Vibration  Loailiiij'  with  Principal  Stri'ss  Directions 
Fixed- witli-Respect-to-(lie-l5ody  (Fcstigkeitslicrech- 
nUiij;  bei  niehrach.siger  phasenverscliobcner  .Scliwfing- 
beanspriichun^  niit  korperfesten  llanptspannun^s- 
ricbtniiecn) 

H,  Diet  man  and  I,  Issler 

University  of  Stuttyart,  Konstruktion,  2Q  (1),  |>p  23- 
30  (Jan  1970)  18  fiys 

Key  Words;  Fatigue  life 

In  the  article  the  theory  for  material  failure  under  multiaxial 
phase  shifted  vibrational  loading,  with  fixed  principal  axis 
with  respect-to*the-body  is  developed.  The  theory  starts  with 
the  fact  that  the  octahedral  torsional  shearing  stress  is  mainly 
responsible  for  the  damage  of  deformable  materials  under 
vibrating  loads.  Then  the  time  and  direction  dependent 
octahedral  stresses  caused  by  external  loads  are  determined 
and  combined  into  a "stress  characteristic".  Finally  a stress 
capacity  combination  must  be  determined  experimentally, 
which  may  be  represented  as  "material  characteristic". 
From  a comparison  of  the  stress  characteristic  and  material 
characteristic  a limit  stress  is  obtained,  which  leads  to  dam- 
age, Experimental  results  confirm  the  theory  presented. 

FLUID 

(Also  sih:  Nos.  1558.  1613,  1621,  1642,  1653, 

1669,  1676,  1709) 
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('.oiipliMl  Dynamirs  Viialy.si.s  of  W ind  Fin-rgy  Systrins. 
Final  Krport 


•J.A.  Hoffman 

Paragon  Pacific,  Inc.,  El  Sc-guivJo,  CA.,  Dc-pt.  Mo. 
MASA-CR-135152,86pp  (Feb  1977)  refs 
N77-20558 

Key  Words  Wind-induced  excitation.  Rotors,  Coupled 
response.  Computer  programs 

A qualitative  description  of  all  key  elements  of  a complete 
wind  energy  system  computer  analysis  code  is  presented.  The 
analysis  system  addresses  the  coupled  dynamics  characteris- 
tics of  wind  energy  systems,  including  the  interactions  of  the 
rotor,  tower,  nacelle,  power  train,  control  system,  and 
electrical  network.  The  coupled  dynamics  are  analyzed  In 
both  the  frequency  and  time  domain  to  provide  the  basic 
motions  and  loads  data  required  for  design,  performance 
verification  and  operations  analysis  activities.  Elements  of 
the  coupled  analysis  code  were  used  to  design  and  analyze 
candidate  rotor  articulation  concepts.  Fundamental  results 
and  conclusions  derived  from  these  studies  are  presented. 


77-1580 

h'iiiite  Stale  Moilelin^  of  Aeroelaslic  Systems 

R.  Vepa 

Stanford  Univ.,  CA.,  Rept.  No.  NASA-CR-2779, 
189  pp  (Fnb  1977) 

N 77-1 9489 

Key  Words;  Mathematical  models,  Aerodynamic  loads. 
Airfoils 

A general  theory  of  finite  state  modeling  of  aercxlynamic 
loads  on  thin  airfoils  and  lifting  surfaces  performing  com- 
pletely arbitrary,  small,  time-dependent  rnotions  in  an  air- 
stream  is  developed  and  presented.  The  nature  of  the  be- 
havior of  the  unsteady  airloads  in  the  frequency  domain  is 
explained,  using  as  raw  materials  any  of  the  unsteady  linear- 
ized theories  that  have  been  mechanized  for  simple  harmonic 
oscillations. 
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Dyiiainir  Stability  of  One-Diiiirnsiotial  Noii-I.iiirariv 
Vi.s»-o-F.lastic  Itodio!: 

R.C.  Browne 

Ph.D.  Thesis,  Univ.  of  Maryl.iiid,  95  vv  (1976) 
UM  77-9491 
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Key  Words:  Dynamic  stability.  Viscoelastic  med<a 

This  dissertation  treats  the  dynamic  behavior  of  one-dimen- 
sional non-linearly  visco-elastic  bodies.  The  constitutive 
functions  are  of  rate  type,  i.e.,  the  stress  depends  on  the 
strain  and  rate  of  strain  but  not  on  their  past  history.  The 
dissertation  begins  with  a description  of  the  theory  of  three- 
dimensional  non-linear  visco-elastic  bodies.  Special  attention 
is  given  to  the  constitutive  requirements  of  frame-indiffer- 
ence, orientation-preservation,  and  order-preservation. 


EXPERIMENTATION 


DIAGNOSTICS 


77-1582 

Some  Examples  of  i’olor  Instabilities  in  Flexible 
Shaft  Machines 

J J.  Spillman 

Consulting  Engineer,  Perth,  Australia,  Vibration  and 
Noise  Control  Engineering,  Proceedings,  Sytlney, 
Australia,  pp  119-120  (Oct  11  12,  1976)  2 figs 

Key  Words;  Vibration  monitoring.  Diagnostic  techniques. 
Rotors,  Shafts 

Three  examples  of  rotor  instability  in  flexible  shaft 
machines  are  described.  They  are  situations  in  which 
a major  failure  could  have  occurred.  Instrumentation 
for  continuous  vibration  monitoring  with  provision 
for  an  automatic  shut-down  when  vibration  levels 
exceed  a pre-set  level  is  discussed. 

77-1583 

Putting  V ibration  and  Other  Operating  Variables  to 
Work  in  a Monitoring  Sv.sfem 

J S Mitchell 

Endevro,  San  Juan  Capistrano,  CA.,  Power,  l_y  (51, 
Pt)  87  89  (M.iy  197/)  14  figs 

Key  Words:  Diagnostic  techniques.  Pumps,  Compressors. 

Fans 

Monitoring  concepts  developed  in  Part  I {March  1977)  of 
this  senes  are  applied  here  to  specific  types  of  machinery  - 
ifKtuding  pumps,  compressors,  and  fans 


77-1584 

Avoiding  Unscheduled  Plant  Shutdowns  - V ibration 
Monitoring 

R.S.  Hegoie 

JafT>es  A.  Madden  Associates  Pty.  Lid.,  Sydney, 
Australia,  Vibration  and  Noise  Control  Engineering, 
Prc.eedings,  Sydney.  Australia,  [Jp  109-110  (Oct 
1 1 12,  1976)  4 tables,  4 refs 

Key  Words;  Diagnostic  techniques.  Vibration  signatures. 
Machinery  vibration 

A technique  for  machinery  vibration  monitoring  is  described 
The  effectiveness  and  practical  value  of  the  technique  are 
examined  in  the  light  of  extensive  application  .n  several 
continuous  process  plants  over  the  past  four  years. 


77-1585 

The  Applications  of  Cepstruni  Analysis  to  the  Dia- 
nosis  of  Machine  Sound  and  V iliration  Signals 

R.B.  Randall 

Bruel  & Kjaer,  Naerum,  Denmark,  Vibration  and 
Noise  Control  Engineering,  Proceedifigs,  Sydney, 
Australia,  pp  97-98  (Oct  11-12,  1976)  3 figs,  4 refs 

Key  Words;  Cepstrum  analysis,  Diagnostic  techniques, 
Turbine  blades,  Gear  boxes.  Machinery  noise,  Machinery 
vibration 

The  cepstrum  is  defined  and  its  advantage  in  reducing  the 
influence  of  signal  transmission  path  explained.  Examples 
are  given  of  the  application  of  the  "power  cepstrum"  to  the 
detection  of  periodic  effects  in  a spectrum,  viz,  harmonics 
and  sidebands.  The  first  can  be  used  to  diagnose  missing 
blades  in  a turbine,  and  the  second  for  diagnosing  various 
faults  in  gearboxes.  The  "complex  cepstrum".  where  all 
phase  information  is  retained  so  that  the  procedure  is  revers- 
ible, is  also  defined  and  explained,  and  an  example  given  of 
its  application  to  deconvolution. 


77-1586 

A Brief  Review  of  the  Monitoring  <»f  Vibration  in 
Rotating  Machines 

A.L.  Knight 

Bell  & Howol!  Ltd.,  Noise  Control,  Vib.  and  Insul., 
8 (5),  pp  168  170  (May  1977}  4 figs 

Key  Words:  Diagnostic  instrumentation.  Diagnostic  tech- 

niques. Rotating  structures,  Rotors 

In  the  article  the  author  reviews  the  range  and  application  of 
such  vibration  sensors  as  piezoelectric  accelerometers,  veloc- 
ity transducer*  and  contactless  displacement  transducers,  as 
well  as  vibration  monitors. 
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FACILITIES 


77-1587 

A Sij!;iial  l’r<MTS.siii«  System  for  V ibraliuiis,  Shoek 
and  \ois<‘ 

S.R,  WularavOa 

Digital  Signal  Analysis  Group,  Hewlett  Pac  kard  Ltd., 
Noise  Control,  Vib.  and  Insul  , 8 (5),  |ip  156-158 
(May  1977)  7 figs 

Key  Words;  Signal  processing  techniques.  Diagnostic  tech- 
niques 

Signal  processing  through  the  use  of  digital  signal  analysis  is 
discussed.  Waveform  and  spectral  analyses  are  covered. 


77-1588 

Dynaiiiie  Predielive  Mainteiiaiire  for  Kefinery  K(|tti|>- 
meiit 

E Balaam 

Scientific  Energy  Systems-Beta  Corp.,  Houston,  TX, 
Hydrocarbon  Processing,  ^ (5),  PP  131-136  (May 
1977)  17  figs,  7 refs 

Key  Words:  Vibration  analyrers.  Diagnostic  instrumentation 

Effective  onstream  time  of  refinery  equipment  can  be 
achieved  by  applying  the  latest  performance  and  vibration 
analysis  instruments.  Preventive  maintenance  procedures 
are  discussed.  Some  typical  maintenance  costs  are  reviewed. 


77- 1,589 

.\rou.«lir  Signature  .\iialysis  for  Noise  Source  Idenli- 
fiealioii 

A C.  Keller 

SfX’ctral  Dynamics  Corp,,  San  Dingo,  CA,  Noise 
Control,  Vib.  and  Insul.,  8_  (5),  pp  178  182  (May 
1977)  1 1 figs,  6 refs 

Key  Words:  Noise  source  identification.  Acoustic  signatures. 
Diagnostic  techniques 

A spectrum  analyser  is  used  to  relate  the  frequency  compo- 
nents of  the  noise  spectrum  of  some  specific  mechanical 
event  or  pattern  in  the  machine  as  it  operates.  Single-channel 
real-time  spectrum  analysers  are  used  to  obtain  this  ampli- 
tude vs.  fre(]uency,  or  amplitude  vs,  order,  information. 


77-1590 

Calibrafioii  of  a Keverberaiit  Kooiii  for  llie  Measure- 
iiieiil  of  Sound  Power  in  Tones 

D A.  Bies  and  C.H.  Hansen 

Univ.  of  Adelaide,  Australia,  Vibiation  and  Noise 
Control  Engir^eering,  Proceedings,  Sydney,  Australia, 
pp  121-122  (Oct  11-12,  1976)  1 fig,  7 refs 

Key  Words:  Reverberation  chambers.  Calibrating 

The  assumption  that  the  radiation  impedance  presented  to 
the  test  apparatus  under  investigation  in  a reverberation 
room  is  the  same  as  would  be  in  an  echo  free  field  is  tested 
experimentally. 


77-1591 

Seiiii-Aiitfboif  Testing  Rooms:  Some  Sound  .\dviee 

R.A.  Dykstra  and  D.E.  Baxa 

Kohler  Co.,  Kohler,  Wl,  S/V,  Sound  and  Vibration, 
IJ  (5;,  PP  35-38  (May  1977)  4 figs,  20  refs 

Key  Words:  Test  facilities.  Anechoic  chambers 

In  1973,  Kohler  Co.  completed  the  construction  of  a semi- 
anechoic  room  to  be  used  for  the  acoustical  analyses  of  its 
small-engine  (4-24  HP)  line.  This  article  discussed  the  acous- 
tical response  characteristics  of  Kohler  Co.’s  semi-anechoic 
room.  The  room  is  first  evaluated  as  a system.  Then,  an 
analysis  of  the  room’s  sound  absorptive  wedges  is  discussed. 


77-1592 

V ibratioii  and  .Acoustic  Tr'stiiiv  - The  Ko^e  of  NAT  A 

A.J.  Russell 

National  Assoc,  of  Testing  Authorities.  Australia, 
Vibration  and  Noise  Control  Fnqincering,  Proceed- 
inys,  Svbney,  Australia.  Pii  36-40  (Oct  11  12,  1976) 

1 table.  3 refs 

Key  Words;  Vibration  tests,  Acoustic  tests.  Testing  facilities 

An  outline  of  the  development  and  operation  of  the  labora- 
tory accreditation  system  of  National  Association  of  Testing 
Authorities,  Australia  is  presented  in  this  paper.  Details  of 
the  acoustic  and  vibration  measurement  services  which 
NATA  registered  lafroratones  provide  for  engineers  and 
architects  are  given 
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INSTRUMENTATION 


77-1393 

Measurement  of  Sound  Intensity 

G.  Pavic 

Electrotechnical  Inst.  "Rade  Koncar",  Bastijanova 
bb,  41000  Zagreb,  Yugoslavia,  J.  Sound  Vib.,  51  (4), 
pp  533-545  (Apr  22,  1977)  5 figs,  1 table,  7 refs 

Key  Words:  Sound  level  meters 

A method  is  formulated  for  sound  intensity  measurement 
m a non-dispersive  medium.  Errors  associated  with  measure- 
ments are  discussed.  Comments  on  the  applicability  and 
limitations  of  the  method  are  given  and  some  experimental 
results  are  produced. 


77- 1594 

Simple  Teclinirjues  to  Ksliiiiafe  Noi.se  Levels  Ba.sed 
on  Manufacturer  Kquipnient  Data 

R.S  Norman 

ItT  Res.  Inst.,  Chicago,  IL,  ASME  Paper  No.76*WA/ 
PID-21 

Key  Words:  Sound  level  meters,  Sound  measurement,  Mea- 
surement techniques 

In  this  paper,  the  standard  sound  power  measurement  tech- 
niques are  briefly  reviewed  along  with  the  methods  normally 
used  to  estimate  sound  pressure  levels.  Simple  techniques 
are  discussed  whereby  manufacturers  can  obtain  noise  mea- 
surements on  products  in  their  own  plants  and  estimate  the 
noise  levels  produced  by  these  products  when  in  use.  Pro- 
blems associated  with  line  and  area  sources  are  discussed. 
Methods  for  obtaining  the  acoustic  characteristics  of  manu- 
facturing areas  are  discussed. 


77-1595 

(Considerations  Relating  to  Instruments  for  the  Mea- 
surement of  Equivalent  Continuous  Noise  Levels 
(LKQ)  - Part  2 

R.F.  Morgan 

Computer  Enyrg.  Ltd.,  UK,  Noise  Control,  Viti.  and 
lnsut.,^(5),  pp  186-187  (May  1977)  2 figs 

Key  Words:  Sound  level  meters 

The  concept  of  Crest  Factors  and  Time  Concepts  is  explained 
and  their  unsuitability  as  parameters  in  Leq  and  Dose  meters 
is  described.  The  author  concludes  the  article  with  a brief 
history  of  the  Leq  meter  development. 


77-1596 

How  Accurate  is  Your  Accelerometer? 

N.H.  Clark 

National  Measurement  Lab.,  CSIRO,  Australia, 
Viljration  and  Noise  Control  Engineering,  Proceed- 
ings, Sydney,  Australia,  pp  105-106  (Oct  1 1 -12,1976) 
1 fig,  1 table,  7 refs 

Key  Words:  Accelerometers,  Calibrating 

There  is  no  general  agreement  on  the  accuracy  required  in 
vibration  measurements  made  with  accelerometers.  Some- 
times only  the  value  of  a fundamental  frequency  may  be 
sought.  Another  occasion  may  call  for  measurement  of  small 
changes  in  the  amplitude  of  a particular  frequency  compo- 
nent, requiring  substantial  accuracy.  This  paper  is  concerned 
mainly  with  the  accuracy  attainable  with  piezoelectric  accel- 
erometers. 


77-1597 

Orout/Soil  InloracHon  and  \ elocity  Lmplace- 

nieiit  for  Groiuid-Shock  Measurement 

M B.  Balachandra  and  J.A  Malthan 
Agbabian  Assoc.,  El  Segundo,  CA,  Rept  No.  AA-R- 
7364-74265,  DNA4089E,  201  pp  (Aug  1976) 
AD  A037  098/1 GA 

Key  Words:  Ground  shock,  Shock  measurement.  Measuring 
instruments 

Analytical  work  aimed  at  establishing  velocity  gage  emplace- 
ment procedures  for  ground-shock  measurement  is  reported. 
Finite  element  calculations  were  performed  using  nonlinear, 
inelastic  material  models,  in  support  of  experiments  at  WES 
using  artificial  soil  specimens  in  the  Small  Blast  Loaa'  Gen- 
erator. The  investigations  covered  a wide  range  of  borehole/ 
free-field  impedances  under  a variety  of  interface  conditions. 


77-1598 

Dvnainir-Stress-Data  Management  bir  Venmieeliani- 
cal  Testing  of  Turhomachinery 

W.J.  Rakowski 

.1  Proiects  Branch,  Engine  Test  Facility,  ARO,  Inc., 
Arnold  Air  Force  Station,  TN  373C9,  Exptl  Mci  h,, 
[7  (6),  pp  207-212  (June  1977)  7 figs,  4 refs 

Key  Words:  Test  instrumentation,  Turbomachinery 

This  paper  reviews  the  evolution  of  on-line  data-monjtoring 
and  posttest  data-processing/analysis  techniques  that  have 
l)een  utilized  at  theArnold  Engineering  Development  Center 
to  support  dynamic  strain-gage  test  programs.  The  transition 
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from  hardwire  singfe<hannel  analog  analysis  equipment  to 
the  incorporation  of  digital  computers  for  aiding  on-line  data 
monitoring,  bulk  processing  of  test  data,  and  rapid  editing/ 
analysis  of  test  results  is  discussed.  The  present  on-line  moni- 
toring and  posttest  processing/analysis  systems  are  present- 
ed, and  refinements  for  improving  the  on-line  data  monitor- 
ing and  posttest  data-processing  capabilities  are  discussed. 


TECHNIQUES 

{Also  sue  Nos.  1593,  1 594.  1 704) 


77-1599 

A New  Procedure  for  the  Measurement  of  Sound 
T ransniission  Loss 

D.A.  Bies  and  J.M.  Pickles 

Univ.  of  Adelaide,  Australia,  Vibration  and  Noise 
Control  Engineerint),  Proceedings,  Sydney,  Australia, 
pp  123-124  (Oct  1112,  1976)  1 fig,  6 refs 

Key  Words:  Sound  transmission  loss.  Measurement  tech- 
niques 

A new  procedure  for  measuring  transmission  loss  is  pre- 
sented that  can  be  applied  to  any  test  item,  including  aper- 
tures. The  use  of  an  aperture  is  suggested  as  a convenient 
standard  test  item  of  known  transmission  loss  for  checking 
the  accuracy  of  any  particular  test  procedure  and  test  facil- 
ity. Criteria  are  presented  that  define  measurement  limits 
within  which  accurate  estimation  of  transmission  loss  can  be 
expected  from  existing  or  proposed  test  chambers. 


77-1600 

Aging  of  Adhesive  Metal  Joinl.s.  Part  I;  Torsional 
Vibration  Tests  of  Adhesive  Substances  after  (.liinate 
Exposure  ( Alterung  von  Metallklenverhindiingen. 
Teil  I:  Torsion.s,schwingung.sversiirhe  an  Klebstoff- 
,substan/,en  nach  Kliniaeinwirkungen) 

W,  Althof  and  H.  Schlothgunr 

Deutsche  Eorsihungs-  nnd  Vnrsuchsanstalt  tuer 
Luft-  iind  Raumfahrt  Brunswick.  W.  Germany, 
Rept  No.  DLR  IB  162  75/02-Pt  1,  36  pp  (24  Fob 
1975) 

(In  German) 

N77  20516 

Key  Words  Testing  techniques.  Torsional  vibration.  Ad- 
hesives.  Joints 

Several  adhesives  were  exposed  to  climatic  conditions  for  a 
long  perioci  The  changes  in  the  substances  were  determined 
by  means  of  torsional  vibration  tests.  This  information 
will  be  used  as  a reference  in  tests  with  adhesive  joints 


COMPONENTS 


SHAFTS 


77-1601 

The  Effective  Flexural  Stiffness  of  Shouldered  Rods 
and  Shafts  (Zur  effektiven  Biegesteifigkeit  von 
abge.set'/,ten  Stiiben  und  Wellen) 

H Bauerhop 

Kraftwerk-Union,  Erlangen,  W.  Germany,  Konstruk- 
tion,  28_(2),  pp  45-51  (Feb  1976)  17  figs,  1 table, 
6 refs 

(In  German) 

Key  Words:  Rods,  Shafts,  Stiffness  Coefficients 

For  a dynamic  investigation  of  structures  it  is  often  sufficient 
to  regard  the  continuum  as  one-dimensional.  However,  even 
though  many  calculation  methods  are  based  on  this  simpli- 
fication, the  assumption  is  not  valid  for  variable  cross  section 
designs.  Since  for  many  cross  sectional  variations,  the  usual 
computation  by  means  of  the  45  degree  rule  produces  only 
insignificant  stiffness  values,  a new  improved  method  is 
proposed. 


BEAMS,  STRINGS,  RODS,  BARS 

(Also  see  Nos.  1538,  1560,  1601,  1664,  1647) 


77-1602 

Dynamics  Aiialy.sis  of  a Flexible  V chicle  --  Hcxihlc 
(iiiidcway  Sy,slcm  with  Random  ('•uideway  Rough- 
ness Input 

D.B.  Cherchas  and  J.D,  Jackson 
Dept,  of  Mech.  Engrg  , Univ.  of  Toronto,  Canada, 
High-Speed  Ground  Transp.  .1.,  1J.  (1).  PP  19-51 
(Spring  1977)  1 3 figs,  1 3 refs 

Key  Words:  Interaction:  vehicle-guidewav,  Beams.  Bernoulli- 
Euler  method.  Surface  roughness 

A technique  is  developed  tor  analyzing  the  coupled  dynamics 
of  a two-dimensional  high  speed  guided  ground  vehicle  sys- 
tem consisting  of  a flexible  vehicle  propelled  along  a single- 
span, flexible  guideway.  Both  vehicle  and  guideway  are 
treated  as  Bernoulli-Euler  beams,  le  former  in  free-free 
configuration  and  the  latter  with  simple,  rigid  end  supports. 
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A modal  analysis  technique  is  implemented  to  calculate  theit 
respective  transverse  flexural  motions.  The  analysts  provides 
for  the  incorporation  of  any  number  ot  transverse,  flexural 
modes  for  the  vehicle  and  guideway.  Vehicle  aerodynamic 
drag  force  is  also  included  in  the  system  model. 


77-1603 

Approximation  Solution  for  the  Deflection  of  a lleani 
under  a Series  of  Movin»  Loads  (.Naheruii^sltisuiif'  fur 
die  Durclisenkungen  eines  llalkens  under  einer  Folge 
son  ssanderndeii  Lasten) 

K Popp 

Le.irstuhl  B tur  Mechunik,  T.U  Munchen,  Arcis- 
strasfe  21.  D HOOO,  tsluncfion  2,  BRD,  Ing.  Arch., 
46  (21,  pp  86  4b  (19771  6 figs,  1 table,  6 rets 
(In  Get’- dll' 

Key  Words  Bea'-  s,  Moving  loads.  Approximation  methods 

An  analytical  approximation  is  presented  for  the  deflections 
of  a beam  under  a sequence  of  ertual  and  equally  spaced  mov- 
ing loads.  The  comparison  with  numerical  simulation  results 
shows  an  excellent  agreement.  The  efficiency  of  the  method 
IS  demonstrated  by  an  explicitely  solved  special  case. 


77-1601 

Design  (Curves  for  Structural  Response  Due  to  Impact 
laiading 

P.C.  Chou  and  W.J.  His 

Drexel  Univ.,  Philadelphia,  PA,  Rept.  No.  NADC- 
76380-30,  74  pp  (Oct  1976) 

AD  A037  01 1/4GA 

Key  Words:  Beams,  Impact  response.  Composite  materials 

A method  is  developed  to  produce  a design  curve  for  pre- 
dicting the  response  of  a given  type  of  structure  to  impact 
loading.  This  curve  gives  the  maximum  strain  in  the  structure, 
which  may  have  vanous  sire  and  material  properties,  due  to 
impacts  involving  different  masses  and  velocities.  An  example 
of  a simply  supported  beam  under  central  impact  is  presented 
in  detail.  Both  experimental  results  and  numerical  calcula- 
tions were  used  in  establishing  the  design  curve. 


77-1605 

The  Vibration  of  llcaiiiii  of  Fibre  Reinforced  Material 

L S TeohaniJC  C Huang 

Dept,  of  Meth.  Engrg  , Univ  of  Western  Australia, 
Nedlanrls,  Western  Australia  6009,  Australia,  .1, 
Sounrj  Vib.,  51  (4),  pp  467-473  (Apr  22,  1977) 
3 figs,  10  refs 


Key  Words:  Beams,  Composite  materials.  Natural  frequen- 
cies, Mode  shapes 

This  paper  presents  a theoretical  analysis  of  the  vitirations  of 
fibrt  reinforcerJ,  composite  beams.  In  the  analysis,  a contin- 
uous model  is  used  and  both  shear  and  rotatory  inertia  are 
included.  An  illustrative  example  is  worked  out  to  show  the 
effect  of  shear  deformation  and  fibre  orientation. 


77-1606 

I’rc-Tw i.xlcd  Ucain  Flcmcnts  llas«-tl  on  Approxiiiialioii 
of  Displaccim-nts  in  Fixed  Direction.^ 

E.  Dolumad 

Dept.  r.)f  ITIech.  Eugrg.,  Ege  Univ  , Bornova,  l/mir, 
Turkey,  .1.  Sound  Vib.,  52_(2),  pp  277-282  (May  22, 
1977)  1 fig,  1 table,  4 rets 

Key  Words:  Beams,  Cantilever  beams 

A pre-twisted  beam  element  based  on  approximation  of  dis- 
placements in  ♦ixed  directions  is  presented.  This  element 
can  represent  the  rigid  body  modes  correctly  and  gives  a 
considerably  faster  sp“ed  of  convergence  than  the  element 
based  on  approximation  of  displacements  in  the  principal 
directions  for  the  same  order  of  complete  polynomial  dis- 
placement field, 

77-1607 

Pr(*i>ai)itis(ic  Kt'sponsr  of  Iteains  ami  Krafn<*s 

F.  Ellyin  and  P.  Chandrasekhar 

Structures  and  Solid  Meciianics  Section,  Dept,  of 
Civ.  Engrg.,  Univ  de  Sherbrooke,  Sherbrooke, 
Canada,  ASCE  J.  Enqr.  Mech.  Div.,  103  (EM31,  pp 
411-421  (June  1977) 

Key  Words.  Beams,  Frames,  Reinforced  concrete.  Probability 
theory.  Monte  Carlo  method 

This  paper  presents  a method  for  evaluating  the  probabilistic 
dynamic  response  (dist'^ibution  of  natural  frequencies  and 
amplitudes)  of  reinforced  concrete  beams  and  frames.  It 
consiaers  the  statistical  variation  of  material  properties, 
geometric  parameters,  and  exciting  force.  The  basic  depen- 
dent variables  that  are  considered  probabilistic  are  individual 
geometric  parameters,  the  area  of  reinforcement  and 
strengths  of  materials.  The  dependent  variables  that  are  of 
statistical  nature  are  dynamic  modulus  of  elasticity  of  con- 
crete. moments  of  inertia,  and  areas.  The  Monte  Carlo  simu- 
lation is  used  to  generate  the  distribution  of  the  dependent 
variables  from  that  of  the  independent  parameters.  Examples 
covering  a wide  range  of  geometric  and  load  parameters  are 
considered  for  both  beams  and  frames.  Distribution  of 
natural  frequencies  and  response  amplitudes  are  calculated 
by  a specially  developed  computer  program.  The  results  are 
then  reviewed  from  the  practical  point  of  view. 
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behavior  pattern  is  sensibly  unchanged.  For  tne  behavior 
pattern  shown  a simplified  analytic  model  may  be  used  based 
upon  the  side  force  history  after  TDC  only. 


77-1608 

Dyiiaiiiir  Respon.se  of  Rars  Subjected  to  Loiijrituduial 
liiipaet  - All  Kxpcriineiital  Approach 

Y.E.  Hdssan  and  K.E.  Mactiin 

Dept,  ot  IVIffch.  Enyrtj.,  Univ.  of  Now  Brunswick, 
Fredericton,  N.B.,  Canada,  Inti.  J.  Mech.  Sci.,  19  (1 ), 
pp  23-28  (Jan  1977)  7 figs,  1 table,  13  refs 

K y Words:  Bars,  Axial  excitation 

The  response  of  structure  to  shortduration  impact  is  studied 
experimentally  by  employing  explosively  induced  stress 
pulses  in  long  aluminum  bars  containing  central  circular 
holes.  The  amplitude  of  the  strain  is  measured  in  all  cases. 
The  effect  of  the  direction  of  loading  on  the  existing  str.im 
is  also  studied. 


77-1609 

Klastic  Waves  in  Heterogeneous  Bars  of  Varying; 
Cross-Section 

P.  Gordon  and  S.C.  Sanday 

Materials  Engrg.  Div.,  Frankford  Arsenal,  Pliiladel- 
phia,  PA,  J.  Franklin  Inst.,  30^  (2),  pp  129-145  (Feb 
1977)  10  figs,  11  refs 

Key  Words:  Bars,  Variable  cross-section,  clastic  waves, 

Wave  propagation.  Method  of  characteristics.  Laplace  trans 
formation 

The  propagation  of  elastic  waves  in  a heterogeneous  bar  of 
variable  cr  jss-sectional  area  is  investigated  via  use  of  the 
method  of  characteristics  and  the  Laplace  transform  tech- 
nique. The  Young’s  modulus  and  density  are  assumed  to  be 
representable  as  either  power  law  or  exponential  distribu- 
tions in  the  axial  coordinate.  Th«  transform  method  is  used 
to  establish  an  infinite  number  of  multi-parameter  solutions 
in  closed  form  for  cither  a stress,  velocity  or  displacement 
type  boundary  condition. 


77-1610 

Siiiiul;itiiig  Pi.slim  Slap  l»y  an  Coinpulcr 

S.D  Hfiddtid  dnd  P.W.  Fortoscup 
Inst,  of  Sound  and  Vib.  Res.,  Univ.  of  SouthamfJton, 
Soulfianipton  S09  5NH,  UK.  J.  Souftd  Viij.,  52  ( 1 ) . 
pp  79-93  (May  8.  1977)  14  figs.  9 refs 

Key  Words:  Pistons,  Impact  response.  Mathematical  models 

Piston  slap  at  TDC  has  been  simulated  on  an  analog  compu- 
ter. The  mathematical  model  is  based  upon  elastic  impact  be- 
tween point  masses.  Sliding  contact  is  accommodated. 
Extrapolation  by  computer  to  other  conditions  shows  the 


77-1611 

The  Dynainu'  liehavioiir  of  Sliffened  Strings 

M.G.  Faulkner.  A.  Miodurhowski,  and  J.S  Kennedy 
Dept,  of  Mech.  Engrg  , The  Lniv.  of  Alberta,  Ethnon 
ton,  Alberta,  T6G  2E1 , Canada,  Ing.  Arch.,  ^ (2), 
pp97-103(1977l  10f-gs,8refs 

Key  Words;  Strings.  Natural  frequencies 

The  small  oscillation  of  a stiffened  string  about  its  static 
equilibrium  configuration  is  studied.  The  solution  requires 
both  the  static  and  dyna.mic  shape  of  the  rod  to  be  deter- 
mined and  since  the  governing  equations  do  not  lend  them- 
selves to  an  analytical  solution  a Runge-KuJta  integration 
technique  was  used.  Experimental  results  fo*’  the  natural 
frequencies  are  compared  to  the  numerical  solution  for  a 
particular  stiffened  string. 


77-1612 

Ilarinonical!  / Forced,  Finite  .Vniplilude  \ ihratioii  of 
a String 

G.  Tagata 

Nippon  Gakki  Co.,  Ltd.,  10-1 , Naka/awa  Cho,  Har'ia 
matsu,  iapan,  J.  Soumi  Vib.,  ^ (4),  pp  483-492 
(Apr  22,  19771  6 figs,  5 rofs 


Key  Words:  Strings,  Harmonic  excitation 

For  the  so-called  parametric  oscillation  of  a string  fixed  at 
one  end  and  driven  harmonically  in  its  axial  direction  from 
the  other  end,  analysis  and  numerical  calculations  are  earned 
out  to  determine  how  the  amplitude  characteristic  changes 
in  the  first,  second  and  third  unstable  regions  when  the 
applied  frequency  is  successively  lowered,  with  account 
being  taken  of  the  non-linear  term  arising  from  the  correction 
of  the  local  elongation  due  to  the  tension  of  the  string.  The 
results  are  in  good  qualitative  agreement,  with  experimental 
values. 


77-1613 

F.\|)crinicntal  and  Siniiilation  Studios  of  Traii.sinission 
Lino  \ ihratioii 

J M Simmons.  H J.  Flookor,  and  R.H,  Fritli 
Dopl  of  Moch.  Engrg.,  Univ.  of  Qnoonsland,  Austra- 
lia, Viliration  and  Noiso  Control  rngineoring.  Pro- 
(ooefings,  Sydney,  Australia,  pp  11  15  (Ou  11  12. 
1976)  9 tigs,  14  rrds 
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Key  Words:  Transmission  lines.  Fluid-induced  excitation. 
Wind-induced  excitation,  Vortex  shedding 


Starting  with  a set  up  of  a practically  stiff  shaft  the  effect  of 
bearings  on  the  damping  of  the  system,  independently  of 
system  excitation,  is  investigated. 


Overhead  electrical  transmission  lines  experience  serious 
vibration  due  to  vortex-shedding  excitation.  An  assessment  is 
made  of  the  overall  dynamic  situation.  Experiments  have 
been  performed  on  an  actual  line  and  a hybrid  computer 
study  has  been  made.  The  results  and  implications  of  these 
studies,  which  represent  initial  stages  in  a long  term  study, 
are  presented  and  discussed. 


77-I6U 

K.xpei  iinnntal  Studies  of  Fali^e  Failures  of  Down 
Lead  Fables 

C.V.  Chelapaii,  J.M.  Plecnik,  and  J.  Cunningham 
Dopt.  of  Civil  Engrg.,  California  Slate  Univ..  Long 
Beach,  CA.  Rept.  No.  CEL-CR-7”.310,  34  pp  (Dec 
1976) 

AD-A037  164/IGA 

Key  Words:  Cables,  Dynamic  tests,  Fatigue  life 

Eight  hard  drawn  copper  cables  were  tested  to  failure  under 
static  lateral  axial  load  and  either  dynamic  lateral  load  or 
torsional  couple.  Due  to  the  large  number  of  test  parameters 
involved  and  the  limited  number  of  specimens  tested,  firm 
conclusions  cannot  be  drawn  about  the  fatigue  life  of  copper 
cables  under  dyrramlc  lateral  o:  torsional  loading  combined 
with  dxtai  tension. 


BEARINGS 

(Also  see  Nos.  1541.  1632) 


77-1615 

Ffforl  of  Hearings  on  llie  Running  Stability  <»f 
Rotors  with  (ir«M)ve  F.xritalion  (KinHu.ss  der  Lage- 
rung  anf  die  Laiifstabilital  einfaelien  Rotoren  mil 
Spallerregiiiig) 

H Wofilr,jb 

Konstrukrion.  ?8  (12).  pp  473  478  (Dec  1976)  14 
figs.  6 rc‘fs 
(In  Germrin) 

Key  Words  Bearings,  Siabifity,  Self-excited  vibrations 

From  time  to  time,  m thermal  turl)omachinery  bearings, 
fxjwer  dejiendent  self  cxciterj  vibrations,  caused  by  grooves, 
are  observerj  Equations  of  motion  for  a symmetrically  en- 
'^itged,  elastically  mounted,  tlampiHl  Laval  shaft  are  set  up 
By  solving  the  differential  etiuations  of  vibration  system 
damping  as  a charatler  -.mc  quantity  of  stability  is  obtained. 


77-1616 

Vibration  Isolation  I sing  Pre.ssuri/.ed  .Squeeze  l iliii 
Hearings 

S.  Simandiri  and  E J.  Hahn 

School  of  Mech.  & Industrial  Engrg.,  Univ.  of  NfM 

South  Wales,  Australia,  Vibration  and  Noise  Control  ! 

Engineering,  Proctjedings,  Sydney,  Australia,  pp  BI- 
BB (Oct  11-12,  19,  1 3 figs.  1 taf)le,  6 refs 

Key  Words  S^iuee^e  filr.j  bearings,  Vibration  isolation,  j 

Noise  reciuction.  Rotors 

Hydrodynamic  squeeze  film  bearing  mounts,  sufficiently 

pressurized  to  ensure  full  film  lubrication,  are  a practical  f 

means  of  obtaining  vibration  isolation  and  noise  reduction  in 

high  speed  rotating  machinery,  running  in  rolling  element  J 

bearings.  This  paper  investigates  the  beneficial  effect  of  i 

using  such  mounts. 


77-1617  5 

(.alrnlation  ol  the  Dynaiiiit*  Heliavior  of  a Ilvdro-  i 

sialic  Spindle-Hearing  System  by  Means  of  a Digilid 

Computer  (Hereebming  des  dynainiselien  \ erbalteiis 

bydroslaliseher  Spindel-Lager-Sysleme  auf  Digitol- 

reelineranlagen) 

W Micssen  '! 

Das  Lehrstuhl  f.  Werk/eugmasi  tiinen  urn  Labora-  : 

turiutn  (.  Werkzeugniaschinen  u.  Betr icbslehru  dor  j 

RWIH  Aachen,  Konstruktion,  ^ (7),  i t //'b-281  * 

(July  1976)  8 figs  J 

(In  German)  ;j 

Key  Words:  Computer  programs.  Beamings,  Hydrostatic  .1 

bearings,  Machine  tools  | 

I 

The  static  and  dynamic  behavior  of  a metal  cutting  machine  i 

is  decisively  influenced  by  the  properties  of  the  spindle-  y 

bearing  system.  Besides  the  ball  bearings  and  friction  t>ear- 
ings,  the  importance  of  hydrostatic  bearings  for  metal  cutting 
machines  has  been  growing.  Since  the  characteristics  of  a 
spindle-bearing  system  may  he  controlled  in  the  design  and 
construction  stages,  a calculation  method  had  to  be  devel- 
oped. The  method  described  takes  bearing  damping  into 

consideration  and  is  applicable,  in  principle,  to  any  desired  I 

bearing.  However,  since  the  digital  computer  program  is 

based  on  experiment,  it  was  written  for  a spindle  system  with  1 

hydrostatic  l)earings.  i 
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t‘r«(H‘rlies  of  Tilt-Se«im'iil  Kadial  llt'ariiiKs  (l)ii‘ 
I'ii't'iishafleii  von  Kijjp.'a-gtiieiil-KadiaJlajjfrii) 

R,  Klump 

Institut  f.  MascPinunkonstruktionslehre  d.  Univ 

Karlsruhes  (TH),  Konstruktion.  28  (8l,  PP  320- 
324  (Aug  197G)  1 0 figs,  6 refs 
(in  Gernianl 

Key  Words:  Friction  bearings.  Stability,  Lubrica- 

tion. Damping  coefficients.  Springs  lelasticl 

Theoretical  and  experimental  results  of  tilt  segment-friction 
bearings  are  investigated.  Besides  the  stationary  bearing 
properties  such  as  load  capacity,  temperature  and  the  lubri- 
cant groove,  particular  emphasis  is  placed  on  vibration  and 
damping  coefficients  by  means  of  spring  and  damping  coef- 
ficients. A clear  measure  for  this  is  the  system  damping  of 
a symmetric  one  mass  rotor.  The  author  shows  that  a change 
in  the  given  lubricant  groove  shape  caused  by  temperature 
fluctuations  during  the  operation  may  lead  to  considerable 
changes  in  bearing  properties.  The  stability  of  tilt  segment 
bearings  decreases  with  increasing  relative  inertia  forces  of 
the  vibrating  segments. 
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(.rilical  Sper-d.s  of  Cyliiidricr.l  Itadlal  I'riclion  IJeariiiirs 
(Die  i her«aiiKsdreli/,ahl  von  /.ylindnstheii  Kadial- 
vleillagerii) 

H Ott  and  F.  Wenig 

Institut  f.  GrunrJIagen  d.  Maschlm;nkonstru  an  der 
FTF)  Ziirich,  Konstruktion.  28^  (8),  pp  301-306 
(Aug  197GI  7 figs,  10  refs 
(In  German) 

Key  Words:  Critical  speeds.  Friction  bearings.  Lubrication 

Critical  speeds  at  various  bearing  clearances,  oil  temperatures, 
and  loads  were  measured  on  a special  test  stand  for  radial 
friction  bearings.  From  the  elastomeric  lubricant  groove 
calculations,  the  theoretical  minimum  lubricant  groove 
width  was  obtained.  They  were  associated  with  the  measured 
critical  speeds.  The  elastic  deformations  of  the  contact 
surfaces  are  of  the  same  order  of  magnitude  as  the  minimum 
lubricant  groove  width.  From  the  experimental  results  a 
sir  iple  iterative  method  lor  the  prediction  of  critical  speeds 
is  derived  which  takes  into  consideration  the  geometry  of 
the  bearing,  its  operating  data,  and  the  elastic  deformations 
of  its  contact  surfaces 
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Calculation  of  liitcriiiilicntly  Coaricil  Friction  Hear- 
ings (Hcitrag  /nr  Hcrcclinnng  instatioiiar  liclastcicr 
\xial-(rlcitlagcr) 

j f ricke 

inst.  f.  HeitHingst'iUuiik  u.  Masi.hinenkinelik  der 
r U Claustfial.  Konstruktion,  28_(3I,  f'P  97  102  (Mar 
19761  9 figs  7 refs 
; In  German) 

Key  Words.  Friction  bearings 

For  the  calculation  of  load  capacity  and  groove  width  of 
nonsteady  io,Kled  be^  ngs  the  pressure  development  in  the 
lubricant  groove  as  a result  of  rotation,  pressure  generation 
caused  by  lubricant  ilisplacement  should  be  taken  into 
consideration.  In  this  article  load  capacities  of  various 
groove  shapes  under  pure  displacement  are  discussed.  A 
calculation  procedure  for  the  determination  of  groove  width 
time  slope  for  nonsteady  loarjed  axial  bearings  is  illustrated 
through  two  examples. 
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77-1621 

On  \ iltrations  Due  to  V ortex  Shedding  Induced  on 
Two  Cylinders  with  One  in  the  Wake  of  the  Other 

G.  Diana.  M.  Falco,  and  M.  Gaspareuo 
Instituto  di  Meccaniua  g Costru/iono  di  Macrhine 
Polittnnico  di  Milano,  Italy,  Mecr.anica,  IJ.  (3). 
PP  140  156  (Sept  1976)  35  figs,  12  refs 

Key  Words  Cylinders,  Fluid-induced  excitation.  Vortex 
sheddinj 

This  paper  reports  on  research  ronr»»rning  the  vibrations 
induced  on  cylinders  hy  the  vortex  -aheddinq.  The  mam 
purpose  of  the  present  paper  is  to  describe  the  experimental 
results  obtained  on  two  cylinders,  one  in  the  wake  of  an- 
other, both  yibialing.  Many  cases  are  considered  either  with 
ertual  or  tiilfereni  frequencies.  An  analytical  model  simulat 
ing  the  phenomenon  is  developed,  the  anaivlieal  results 
obtained  are  reported  and  compared  with  the  experimental 
ones. 


DUCTS 


77-1622 

On  the  Sinj^ular  Itehavior  of  Linear  Aeonslic  Theory 
in  Near-Sonic  Duel  Hows 

M.K.  Myers  and  A.J.  Callegari 

Joint  Inst,  for  Advancement  of  Flight  Sciences,  The 
George  Washington  Univ.,  NASA  Langley  Res.  Ctr., 
Hampton,  VA  23665,  J.  Sound  Vib.,  ^ (4),  pp  51  7 
531  (Apr  22,  1977)  5 figs,  1 1 refs 

Key  Words:  Ducts,  Sound  propagation 

The  propagation  of  sound  in  a converging-diverging  duct 
containing  a quasi-one-dimensional  steady  flow  with  a high 
subsonic  throat  Mach  number  is  studied.  The  behavior  of 
linearized  acoustic  theory  at  the  throat  of  the  duct  is  shown 
to  be  singular,  and  the  explicit  form  of  the  singularity  is  de- 
termined for  two  special  types  of  area  variation.  Numerically 
computed  results  showing  the  development  of  the  singularity 
are  presented. 
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Nol.se  Vtlenualioii  in  Duds  with  How 

D.A.  Bies  and  M.  Zockel 

Univ.  of  Adelaide,  Australia,  Vibration  and  Noise 
Control  Engineering,  Proceedir.gs,  Sydney,  Australia, 
PP  16-19  (Oct  1112,  1976)  5 figs,  5 refs 

Key  Words;  Ducts,  Fluid-induced  excitation.  Noise  reduction 

Evidence  is  reviewed  here  to  show  that  quite  large  attenua- 
tion rates  are  possible  in  a dissipative  muffler  provided  that 
all  parameters  including  duct  width,  liner  impedance,  and 
flow  Mach  number  are  properly  chosen.  In  general,  the  re- 
quired dimensions  are  not  difficult  to  meet  though  it  must 
again  be  admitted  that  the  required  backing  cavity  depth 
at  low  freqeuncies  will  be  of  the  order  of  a quarter  wave- 
length at  the  frequency  of  maximum  attenuation. 
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The  Real  .Allenualioii  Perforiiianre  of  .Air  Coiitli- 
(ioning  Duct  I.iners 

L A.  Chains  and  I.  Lawrence 

Louis  A.  Chains  and  Assoc.  Pty.  Ltd.,  Consulting 
Amu.stical  Engineers,  Sydney,  Australia,  Vibration 
and  Noise  Control  I ngineering.  Proceedings,  Sydney, 
Australia,  pp  99  100  (Oct  11  12,  1976)  4 figs,  5 refs 


Key  Words:  Air  conditioning  equipment.  Ducts,  Noise 
reduction,  Acoustic  linings 

This  paper  presents  the  results  of  a sponsored  research  pro- 
ject aimed  at  determining  the  insertion  loss  achievable  by 
various  lengths  of  duct  liner  with  a range  of  thicknesses,  duct 
sizes,  and  erosion  resistant  surfaces  conventionally  used  by 
the  air  conditioning  industry. 
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(Also  see  No.  1607) 


77-1625 

Striichiral  Stiffness,  Strength  and  l)Miainie  (Iharae* 
lerislios  of  Lar^e  Tetrahedral  Spare  Truss  Slnictures 

M.M.  Mikutas,  Jr.,  H.G.  Bush,  and  M.F.  Card 
NASA,  Langley  Res.  Ctr..  Langley  Station,  VA, 
Rept.  No.  NASA-TM-X-74001,  50  pp  (Mar  1977) 
N77-19487 

Key  Words;  Trusses,  Stiffness,  Spacecraft,  Dynamic  proper- 
ties 

Physical  characteristics  of  large  skeletal  frameworks  for 
space  applications  are  investigated  by  analyzing  one  con- 
cept; the  tetrahedral  truss  which  is  idealized  as  a sandwich 
plate  with  isotropic  faces.  Appropriate  analytical  relations 
are  presented  in  terms  of  the  truss  column  element  properties 
which  for  calculations  were  taken  as  slender  graphite/epoxy 
tubes.  Column  loads,  resulting  from  gravity  gradient  control 
and  orbital  transfer,  are  found  to  be  small  for  the  class  struc- 
ture Investigated.  Fundamental  frequencies  of  large  truss 
structures  are  shown  to  be  an  order  of  magnitude  lower  than 
large  earth  based  structures.  Permissible  loads  are  shown  to 
result  in  small  lateral  deflections  of  the  truss  due  to  low- 
strain  at  Euler  buckling  of  the  slender  graphite/epoxy  truss 
column  elements.  Lateral  thermal  deflections  are  fo;md  to 
be  a fraction  o>  the  truss  depth  using  graphite/epoxy  col- 
umns. 
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(Also  sec  No.  15851 
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Nois«’  Control  in  I’lani-lary  Transniis.>>i<ins 

W.E.  Palmor  and  R.R.  Fuehrer 

Detroit  Diesel  Allison.  Div  o'  General  LL'tors  Cori' 

SAE  Paiier  No.  770561 

Key  Worcts  Power  Transmission  systems,  Norse  reduction. 
Gears 
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Notse  yeneralecl  by  vehicles  has  btfcome  of  increasing  con- 
cern. in  recent  years,  m its  effect  both  inside  and  outside  he 
vehicle.  Although  the  noise  contnluJted  by  heavy-iluty  auto- 
matic transmissions  in  on-  and  off-highway  vehicles  is  insig- 
nificant In  relation  to  that  ceneratetJ  by  other  vehicle  com- 
ponents, a program  was  initial-  o to  investigate  sources  and 
causes  of  transmission  noise  and  to  develop  methods  of 
reducing  or  eliminating  that  noise 
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and  Di'lenninafroti  <d  Optrafioiiai  Fatdors 
tor  tilt*  design  ol  Mmli  f.apacil)  hnves  (liedriiluiitf 
uml  Kniiittliinv  voii  Ueti  H*l)sl'akl«»n*ii  fur  die  \us- 
Irjiuiiji  \<m  !.eisliiii«;.stjetn<  l)«'ii) 

H.  Gross 

F^rtigunystechnik  Moial  dt;r  Fa  U^jussa,  Frankturt, 
W Germany.  Konsiruktion,  ^ (3),  pp  85-89  (Mar 
1070)  8 figs,  16  refs 
(In  German) 

Key  Words  Gears,  Couplings,  Design  techniques 

Highly  loaded  drive  elements  such  as  gears  and  couplings 
very  often  are  designed  with  the  help  of  operational  factors. 
However,  there  are  numercus  interpretations  of  their  mean- 
ing. The  VDI  Standard  2151  proposes  to  view  the  operational 
factor  as  a value,  which  ties  together  nominal  torque,  the 
loading  and  the  dynamic  lead  capacity  of  the  drive.  For  this, 
bearing  life  calculations  are  needed.  The  article  explains  this 
concept  and  provides  with  information  on  questions,  which 
were  left  open  in  the  standard.  Finally,  by  means  of  an 
example,  it  is  demonstrated  that  the  determination  of  oper- 
ational factors  on  the  basis  of  bearing  life  calculations  is 
worthwhile. 
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('.airtilation  of  Natural  FnM|ucn<*U*s  of  Several  V iltra- 
fkiri  Models  of  Cam  (/ears  nitli  a Slidinjr  Drive 
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iger  Scliwingiinjistiiodelle  fur  Kurveiigelrielte  init 
Sjeradjiofuhrteiu  MirieltsliiKl) 

H Korlfj 

Konstmktion,  ^ (11),  f)p  423-428  (Nov  1976) 
6 figs,  3 uibles,  23  refs 
((n  Germdri) 

Key  Words:  Natural  frefjuencies.  Mathematical  models. 
Cam  gears 

The  calculation  of  natural  frequencies  of  cam  gears  leads  to 
the  transformation  of  real  systems  into  the  modeling  sphere. 
However,  there  is  no  systematic  way  to  determine  how  many 


degi  . fs  of  freedom  are  required  for  this  .Tiodei.  In  an  exam- 
ple. tne  numerical  results  of  four  qualitatively  different  mo- 
dels of  cam  gears  with  slide  drive  elements  (rams)  are  inves- 
tigated and  by  means  of  a calculation  (udgment  criteria  are 
developed  for  defining  the  so-called  rrinimal  models. 
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Com6iti<‘d  l.anii  for  Statioiiarv  and  Kfser.m*  Po-mIiojis 
( Koiiil}iiiatioiis^(*s(d/.('  tiir  Uewegi'.iiseii  iiiit  Kasl- 
iiiid  1 iiikeiiiHai'eii) 

b . Phterst>n 

Lefirstuhl  u.  Insiitul  t Masi liinenhaijoloiiuinte  B u. 
GeinetietoclMiik  j.l.U.  Hannover,  '\N.  Germany, 
Konsti  uktion.  2^  (3).  pt)  90-96  (Mar  1976)  8 figs, 
2 Tables,  16  mfs 
( !n  German) 

Key  Wo'^ds:  Cams 

There  is  a large  body  of  literature  describing  the  motions  of 
cam  drives  with  two  or  more  stationary  positions.  The  laws 
of  motion  treated  in  the  article  are  useful  when  stationary 
and  reverse  positions  have  to  be  tied  together  and  small 
accelerations  and/or  good  running  properties  are  required. 
The  three  combined  laws  • presented  as  normalized  motion 
and  characteristic  value  equation  -•  contain  a parameter 
which  determines  the  reversinr  point  position,  through  which 
the  required  reverst  acceleiations  or  other  secondary  condi- 
tions may  be  maintained.  The  laws  are  compared,  evaluated 
and  their  application  is  described  in  an  example. 


ISOLATORS 

77-16:10 

The  Mechanism  for  |{cndino[  Moment  Transler  in 
Slip  joints 

N.  H'iusler 

Konstruktion,  28  (3),  pp  103  108  (Mar  1976)  16  figs, 

1 tabi(3 

(In  Gorman) 

Key  Words;  Slip  joints 

A method  of  calculation  based  on  the  finite  element  tech- 
nique is  developed,  which  enables  ;he  calculation  of  the  load- 
dependent  relative  displacements  and  contact  stresses  be- 
tween the  shaft  and  the  hub  in  a press  fit  of  a slip  joint  under 
a flexural  load.  From  the  derived  stresses  and  deflections  the 
author  explains  the  mechanism  of  bending  transfer  and  gives 
recommendations  for  the  design  of  alternating  and  rotLtion- 
ally  loaded  slip  joints.  Measurements  on  slip  joints  confirm 
calculated  relative  displacements. 
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{Also  scHi  Nos.  1577,  1627) 


Vn  llannonu’  \nalysis  <»f  tin*  Motion  ;mil  Kinetic 
Knor^y  *)i'  rnsyiiimetiio  Klli|>lic  Slider  Mecliaiiisins 

W Moyer  /ur  Ctipellen 

Forsch.  Ingenieurw,  ^ (1),  f)p  8-22  (19/6)  11  fiys, 
7 refs 

Key  Words:  Slider  crank  mechanisms.  Harmonic  analysis 

When  studying  the  dynamics  of  a (six-link)  slider  crank 
driven  by  the  coupler-point  of  a double-slider  (thus  an  ellip- 
tically  driven  slider  linkage)  for  vvhich  the  ellipse  was  tall  and 
narrow,  the  Fourier  series  of  the  kinetic  energy  was  used. 
The  expressions  derived  for  the  Fourier  coefficients  can  be 
clearly  arranged  and  are  simple  and  complete. 


a specialized  application,  with  specifications  that  are  outside 
the  range  of  any  existing  designs.  A kinematic  model  as  well 
as  a subscale  prototype  have  been  constructed,  and  the  latter 
was  successfully  tested.  The  principles  of  the  coupling  are 
discussed  in  some  detail,  with  emphasis  on  their  kinematic 
aspects.  The  formal  proof  for  the  constancy  of  the  velocity 
ratio  of  this  coupling  is  presented. 


(ioupliiigs  (Jiallcfit;**  Disk  atitl  (»ear  Typrs 
for  lligh  Tortiue 

Product  Fnyr.  (N.Y.l,  ^ (6),  pp  33-35  (June  1977) 

Key  Words;  Flexible  couplings 

In  this  article,  the  design  and  mechanical  properties  of  the 
diaphragm  couplings  are  described.  Their  application  is 
illustrated  by  a practical  example. 
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Delerminafion  oi  (loiilacl-Loss  at  a Ifrarinw  ol  a 
Linkage  Merhaiiisin 

C.L.S.  Wu  and  S.W.E.  t arles 

Ford  Motor  Co.,  J.  Enqr.  Indus.,  Ttans.  ASME,  ^ 
(2),  pp  375-380  (May  1977)  9 figs,  7 9 refs 

Key  Words:  Linkages,  Bearings.  Dynamic  response,  Kine- 


A method  is  described  for  analyzing  the  kinematic  and  dy- 
namic response  of  a linkage  mechanism  in  which  one  bearing 
has  a known  clearance.  Assuming  the  clearance  to  be  repre- 
sented be  a massless  link,  the  analysis  predicts  the  occurrence 
of  contact-loss.  Part  of  an  extensive  experimental  investiga- 
tion is  presented  in  which  the  impact  accelerations  resulting 
from  contact-loss  are  measured.  A good  correlation  is  shown 
to  exist  between  the  predicted  and  measured  time  of  contact- 
loss.  Although  the  analysis  may  predict  no  contact-loss,  it 
does  not  readily  indicate,  from  a design  fX)ing  of  view,  how 
this  condition  could  be  produced. 
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I ucoiivnilional  Tl»n*ad  honii  Hold.s  \iit  to  Boll 
Duritiir  •>p\en*  \ ihrations 

Product  Engr.  (N.Y.),  ^ (6),pp  11  12  (June  1977) 

Key  Words;  Bolts.  Thread  cutting 

A new  thread  that  resists  vibrations  more  effectively  than 
others,  known  as  Spiralock,  is  now  available.  The  thread  is 
beino  used  in  a free-spinning,  flanged  nut,  to  eliminate  in- 
ternal self-loosening,  the  cause  of  walk-off.  The  thread  form 
incorporates  a v*-dge  ramp  at  the  root  of  the  thread  created 
by  widening  a portion  of  the  normal  thread  angle  at  its 
root.  This  produces  a metal-to-metal  contact  over  mating 
thread  length.  The  result  is  a firmer  grip. 


MECHANICAL 

(Also  sw  No,  1f)41 ) 
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\ New  Coli.staiit  Vrlocily  Coiipliii" 

V Milenkovic 

GATX/GARD,  Inc.,  Nilns,  IL,  I.  f.nyr.  In.lus,.  Tt.ins. 
ASME,  (2),  367  :374  (Mdv  1977)  8 li'is.  6 rcls 

Key  Words  Couplings 

A constant  velocity  coupling  has  tteen  devnioperl  that  does 
not  resemble  any  coupling  built  lyfore  It  w.as  intended  lot 
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Key  Words;  Machine  elements,  Damping 

A method  of  calculation  is  described,  which  enables  stress 
determination  in  machine  units  mounted  arbitrarily  on 
structural  components.  The  case  of  intermittent  run-up. 
as  well  as  in  the  stationary  operations  are  treated.  By  this 
method  the  effects  of  clearance,  as  well  as  the  nonlinear 
elasticity  and  damping  are  determined.  The  numerous  ex- 
amples give  an  idea  of  the  capability  of  the  method.  Theo- 
retical results  agree  well  with  the  experimental  results. 
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Low  Wavonumber  Wall  Pressure  Measurements  Lsing 
a Keetangular  Membrane  as  a Spatial  Filter 

N.C.  Martin  and  P.  Leehey 

Acoustics  and  Vibration  Lab.,  Massachusetts  Inst,  of 
Tech.,  Cambridge,  MA  021 39,  J.  Sound  Vib.,  52  (1 ), 
pp  9b-120  (May  8.  1977)  17  figs,  5 tables,  19  refs 
Sponsored  by  the  Sonar  Tech.  Div.,  Naval  Sea  Syst. 
Comm,  and  Sensor  Technol.  Program  Office  of 
Naval  Research 

Key  Words:  Rectangular  membranes,  Random  excitation 

The  response  of  a rectangular  membrane  to  a convecting 
random  pressure  field  is  interpreted  to  reveal  the  inherent 
wavenumber  filtering  characteristics  of  the  device  After 
experimental  determination  of  its  resonant  response  char- 
acteristics, one  such  membrane  is  used  to  measure  the  low 
wavenumber  components  of  the  wall  pressure  fluctuations 
beneath  a plane  turbulent  boundary  layer. 
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Kelalion.sliip  Hetwcen  (hr  Fundamriilal  Frr<|urm  v 
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C.  Sundararajan 

Foster  Wheeler  Energy  Corp  , Livingston,  NJ  07039, 
J.  Sound  Vib,,  ^ (4),  pp  493-499  (Apr  22,  1977) 
6 tables,  4 refs 

Key  Words:  Natural  frequencies,  Boundary  value  problems. 
Plates.  Membranes 

An  approximate  relationship  between  the  fundamental 
frequency  and  the  static  response  of  undamped,  linearly 
elastic  systems  is  derived.  The  relationship  is  used  to  cal- 
culate the  fundamental  frequencies  of  membranes  and  plates 
of  different  geometries  and  boundary  conditions. 
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Nonlinear  Analy^^is  of  Reinforced  Concrete  Panels, 
Slab<s  and  Shells  for  Time  Dependent  Effects 

A,F.  Kabir 

Div,  of  Structural  Engrg.  and  Structural  Mechanics, 
California  Univ.,  Berkeley,  CA,  Rept.  No.  UCSESM- 
76-6,250  pp  (Dec  1976) 

PB-264  116/5GA 

Key  Words;  Panels,  Slabs,  Shells,  Reinforced  concrete. 
Dynamic  response 

A numerical  method  of  analysis  is  developed  to  trace  the 
quasistatic  responses  of  various  types  of  reinforced  concrete 
structures,  of  practical  interest,  under  sustained  load  condi- 
tions. Time-dependent  environmental  phenomena,  such  as 
creep  and  shrinkage  effects,  are  considered  to  obtain  the 
evolution  of  the  field  variables  of  such  structures  in  elastic 
and  inelastic  regimes.  Ultimate  collapses  of  shear  panels, 
slabs  of  arbitrary  geometry  and  free-form  shell-type  struc- 
tures are  then  predicted  considering  local  failures  in  steel  and 
concrete  along  with  the  deterioration  of  structure  stiffness 
due  to  progressive  cracking. 


PIPES  AND  TUBES 


77-1640 

F.ffcris  of  Internal  Flow  Distnrbanee  on  ,\eonslic 
Radiation  from  Pipes 

M.K.  Bull  and  M.P.  Norton 

Univ,  of  Adelaide,  Australia,  Vibration  and  Noisr 
Control  Engineering,  Proceedings,  Sydney,  Australia, 
pp61-65  (Oct  11  12,  1976)4  figs,  5 refs 

Key  Words;  Pipes,  Vibration  response,  Noise  generation, 
Fluid-induced  excitation 

Spectral  measurements  of  tlie  acceleration  response  of  and 
acoustic  power  radiated  from  a steel  pipe  witti  fully-devel- 
oped internal  turbulent  air-flow,  at  a distance  of  about  50 
diameters  downstream  of  various  bends,  are  presented. 
Ihe  data  are  for  flow  Mach  numbers  from  about  0.2  to  about 
0.5. 
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77-1641 

Turbo-(ienerator  l^op  Pipe  Viliralioii  Problem 

R,W.  McLajcl  and  I.A.  Charity 

State  Electricity  Commission  of  Victoria,  Australia, 
Vibration  and  Noise  Control  Engineering,  Prodeed- 
ings,  Sydney  Australia,  pp  113-114  (Oct  1 1-12,  1976) 
4 figs 

Key  Words:  Pipelines,  Steam  generators.  Vibration  damping 

This  case  study  deicribes  the  investigations  into  the  cause 
of  a severe  vibration  problem  of  the  pipes  connecting  the 
steam  chests  and  no22le  box  of  a 120  MW  turbo-generator 
and  the  solution. 


77-1642 

Transients  in  Tubes  Conlainine  Liquids 

N.  Krause,  W.  Goldsmith , and  J.L.  Sackrnan 
F.M.C.  Associates,  San  Francisco,  CA,  Inti,  J.  Moch, 
Sci.,  19  (1),  PP  53-68  (Jan  1977)  14  figs,  2 tables, 
10  refs 

Key  Words:  Tubes,  Fluid-filled  containers,  Hopkinson  bar 
technique 

An  experimental  investigation  of  the  elastic  and  fluid  pres- 
sure waves  produced  by  the  longitudinal  impact  'f  steel 
strikers  on  tubes  fi  ?d  with  water  was  performed  by  means 
of  a modified  Hopkinson  pressure  bar  technique.  The  tubes 
employed  consisted  of  aluminum  and  acrylic  plastic  with 
three  different  wall  thicknesses. 


PLATES  AND  SHELLS 

(Also  son  Nos,  1638,  1638,  1639,  1716) 


77-1644 

Vibrations  of  Stiff«‘iifd  Cylinders  «illi  Culouls 

Mahabaliraja,  D.E.  Boyd,  and  R.L,  Brugh 
School  of  Mech.  and  Aerospace  Engrg.,  Oklahoma 
State  Univ.,  Stillwater,  OK  74074,  J.  Sound  Vib., 
52  (1),  PP  65-78  (May  8,  1977)  9 figs,  6 tables, 
1 1 refs 

Sponsored  by  the  Ballistics  Res,  Labs,,  U S.  Dept,  of 
Army,  Aberdeen,  MD 

Key  Words:  Beams,  Cylindrical  shells.  Hole-containing  media. 
Natural  frequencies.  Mode  shapes 

An  approximate  method  of  determining  the  free  vibration 
characteristics  of  ring  and/or  stringer-stiffened  cylindrical 
shells  with  cutouts  is  presented  in  this  paper.  The  method 
is  based  on  the  Rayleigh-Hiiz  technique  in  which  beam  char- 
acteristics functions  (axially)  and  trigonometric  functions 
(circumferentially)  are  used  in  the  displacement  series  for  the 
shell  reference  surface. 


77-1645 

Dynaiiiir  llcliaviour  of  a Cylindriral  Shell  »ilh  a 
('.iiioiil 

V Ramamurti  anti  J.  Pattabiraman 
Dopf.  of  Applied  Mecb.,  Indian  Inst,  of  Toch.,  Matiras 
600036,  India,  J.  Sound  Vib.,  ^(2),  (ip  193-200 
(May  22,  1977)  5 figs,  2 tables,  1 7 refs 

Key  Words.  Cylindrical  shells.  Hole-containing  media.  Natur- 
al frequencies.  Mode  shapes.  Iteration 

This  paper  presents  the  results  of  analytical  and  experimental 
investigations  connected  with  the  dynjm:C  behavior  of  a 
cylindrical  shell  with  a rectangular  cutout.  The  finite  element 
method  is  used  to  predict  the  vibration  freq.  ,-ncies  and  mode 
shapes.  The  resulting  eigenvalue  problems  are  solved  l)y  using 
a sin.ultaneous  iteration  technique. 


77-1643 

Dyiianiir  Kcsponsc  of  Axisyinmelrir  F,laslic-I’l.d.x|ir 
Sfruct  tires 

W.H.  Caldwell-Johnson 

Ph.D.  Thesis,  Wayne  State  Univ.,  86  ig)  (1976) 
UM  77-9377 

Key  Words:  Cylindrical  shells.  Transient  excitation 

This  thesis  is  concerned  with  the  determination  of  the 
strains  and  displacements  in  axisymmetric  thin  cylindrica 
shells  (or  any  structural  element  generated  therefrom!  sub- 
jected to  transient  axisymmetric  loads. 


77-1646 

Effects  of  Internal  and  External  Flow  on  the  \ ibra- 
lioii  Oiaraeterislies  of  Anisolropie  C,y  lindrieal  Shells 

A A.  Lakis 

Db|it.  de  Genie  Meranique,  iiolt!  Polytecl'nipue, 
Montreal  (Quebec)  Canada,  Rejit  No.  1 P-77  R 1 1 , 
58  -P  (Feb  1977) 

N77  20515 

Key  Words:  Cylindrical  shells.  Fluid-induced  excitation 
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A general  theory  for  the  dynamic  analysis  of  anisotropic 
thin  cylindrical  shells  containing  turbulent  flowing  fluid  is 
presented.  The  ihell  may  be  uniform  or  non-uniform,  pro- 
vided it  is  geometrically  axially  symmetric.  This  is  a finite- 
element  theory,  using  cylindrical  finite  elements,  but  the 
displacement  functions  are  determined  by  using  classical 
shell  theory. 


77-1647 

Forced  Response  of  .Neutrally  Buoyant  liin;ded 
Viscoelastic  Cantilevers  to  Ocean  Waves 

V.J.  Modi  and  D.T.  Poon 

Dept,  of  Mecii.  Engrg.,  Tfie  Univ.  of  British  Colum- 
bia, Vancouver,  British  Columbia  V6T  1W5,  Canada. 
J.  Sound  Vib.,  (1).  pp  51-63  (May  8.  1977) 
6 figs,  1 3 refs 

Key  Words:  Shells,  Cantilevers,  Floating  structures,  Inflat- 
able structures 

The  dynamics  of  the  reutrally  buoyant  inflated  viscoelastic 
cantilevers  constituting  a submarine  detection  system  is 
investigated.  Thin  shell  theory  is  used  to  account  for  the 
stresses  arising  due  to  the  internal  pressure.  A significant 
feature  of  the  analysis  is  the  use  of  the  reduced  shell  equa- 
tion which  is  similar  in  form  to  that  for  a vibrating  beam 
with  rotary  effects.  The  forcing  function  in  the  form  of 
surface  wave  excitation  consists  of  a fundamental  frequency 
and  its  second  harmonic. 


77-1648 

Dynuiiiir  Behaviojr  of  Thin,  Riii^-Reiuforoed, 
Cylindrical  Shells  Subjected  to  Impulsive  Inner  Loads 

S.l.  Suzuki 

Dept,  of  Aeronautics,  Nagoya  Univ,,  Chikusaku, 
Nagoya,  Japan,  J.  Sound  Vib,._y  (4),  pf)  459  466 
(Apr  22,  1977},  6 figs,  7 refs 

Kjy  Words:  Cylindrical  shells.  Interna'  p-'essure.  Dynamic 
response 

Stress  analysis  is  carried  out  for  the  case  where  a thin  cylin- 
drical shell  reinforced  with  a ring  at  its  mid-point  is  subjected 
tc  impulsive  inner  pressures.  The  relationships  between  the 
maximum  dynamic  stresses,  the  dimensions  of  the  cyrnder 
and  the  ring  are  obtained,  The  fundamental  equation  of  mo- 
tion of  the  cylinder  is  solved  by  the  Laplace  transformation 
method. 


77-1649 

Vibrations  and  Dynamic  Respemw*  of  V iscocla.**! ic 
Plates  on  Nonperiodic  F.lastic  Siip|>orts 

K.  Nagaya 

Dept,  of  Mech.  Engrg.,  Yamagata  Univ.,  Jyonan, 
Yonezawa,  Japan,  J.  Engr.  Indus.,  Trans,  ASME, 
99  {2i.  pp  404-409  (May  1977)  6 figs.  15  refs 

Key  Words:  Plates,  Viscoelastic  properties.  Elastic  founda- 
tions. Mathematical  models 

This  paper  discusses  the  vibration  and  transient  response 
problems  of  nonperiodically  elastic  supported  viscoelastic 
continuous  plate.  The  three-element  viscoelastic  model  is 
adopted  in  the  analysis.  The  solution  for  the  plate  is  obtained 
from  the  correspondence  principle  by  applying  the  Laplace 
transform  to  the  constitutive  equation  and  the  equation  of 
motion  for  the  elastic  plate.  Expressions  of  displacements 
and  bending  moments  for  an  impact  load  are  obtained,  and 
the  results  for  the  viscoelastic  plate  are  compared  with  those 
for  the  elastic  plate. 


77-1650 

V ihralion  and  Acoustic  Radiadoii  of  Klastically 
Supported  Rectan^ilar  Plates 

N.S.  Lomas  and  S.l  Hayck 

COMSAT  Laf)oralories.  Clarksburg,  MD  20734, 
J.  Sound  Vib..  ^ (1),pp  1-25  (May  8,  1977)  11  figs, 
2 tables,  7 refs 

Key  Words:  Rectangular  plates.  Elastic  foundations,  Coup'ed 
response 

A Green  function  solution  Is  developed  for  the  steady-state 
vibrations  of  an  elastically  supported  rectangiiar  plate  cou- 
pled to  a semi-infinite  acoustic  medium.  Rotational  motion 
at  the  plaie  boundaries  is  controlled  by  continuous  distribu- 
tions of  rotary  springs.  The  solution  takes  the  form  of  that 
for  a simply  supported  rectangular  plate.  The  coefficients 
are  determined  from  systems  simultaneoj^  algebraic 
e(juations  that  include  the  coupling  due  to  no  i-homogeneous 
boundary  conditions  and  the  acoustic  surface  impedance. 
The  solution  is  also  extended  to  cover  the  case  of  an  arbi- 
trary load  distribution  and  an  expression  is  derived  for  the 
power  l>alance  in  the  coupled  plate  fluid  system.  Results  of 
a numerical  evaluation  of  the  modal  coupling  factors  due 
to  fluid  loading  are  compared  with  low  frequency  approxi 
mations.  Effects  of  the  support  conditions  on  the  low  fre- 
quency sound  radiation  from  a p’atc  are  illustrated  by  an 
example. 
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77-1651 

Static  and  Dynainic  Behavior  ot  Circular  Plates  ol' 
Variable  riiicktieSvS  Klastically  Kt'straiiied  Aloii^  the 
Kdgies 

P.A.A,  Laurd,  C.  Pilipich,  and  R.D.  SatUos 
Inst,  of  Ap[)lied  Mot.hanits.  Naval  Bast*  Puerto  Bet- 
fjrano,  Arqentina,  J.  Sound  Vib.,^(2),  [)p  243-251 
(May  22,  1977)  8 figs,  4 tables,  7 refs 

Key  Words:  Circular  plates.  Variable  cross  section,  Forced 
vibration 

Simple  polynomial  approximations  and  a variational  ap- 
proach are  used  to  solve  a rather  complex  elasto-mechanics 
problem.  It  Is  assumed  that  the  plate  is  elastically  restrained 
against  rotation  and  translation  along  the  edge.  The  approach 
developed  in  the  present  paper  allows  for  a unified  solution 
of  both  free  and  forced  vibration  problems,  the  static  situa- 
tion being  a special  situation  of  the  dynamic  state. 


77-1652 

Shear  and  Rotatory  Inertia  KflVcts  on  Larj^c  Ampli- 
tude Vibration  of  Skew  Plates 

M.  Sathyamoorthy 

Dept,  of  Aeron.  Engrg.,  Indian  Inst,  of  Tech.,  Madras. 
B00036,  India.  J.  Sound  Vib,,  ^{2),  pp  155-163 
(May  22,  1977)  3 figs,  6 refs 

Key  Words:  Skew  plates.  Transverse  shear  deformation  ef- 
fects, Rotatory  inertia  .fleets 

The  large  amplitude  free  flexural  vibration  of  elastic  iso- 
tropic skew  plates  is  investigated,  the  effects  of  transverse 
shear  and  rotatory  inertia  being  included.  By  use  of  Galer- 
kin's  method  and  the  extended  Berger  approximation,  solu- 
tions are  obtained  on  the  basis  of  an  assumed  vil)ration  mode 
The  non-linear  period  vs.  amplitude  behavior  is  of  the  harden 
ing  type  and  the  non-Hnear  period  is  found  to  increase  when 
the  effects  of  transverse  shear  and  rotatory  inertia  are  con- 
sidered in  the  analysis.  The  influence  of  these  effects  on 
aspect  ratios  and  skew  angles  of  thin  and  moderately  thick 
skew  plates  is  investigated  both  at  small  and  large  ampli- 
tudes. 


RINGS 

77-1653 

Dynattiir  Behaviour  of  a Riiii'  Suhjected  to  Tiiiie- 
Depemlent  Fluid  Pressures 

S.l.  Su/iiki 

Dept  uf  Auron.,  Nd(}oyd  Univ.,  Chikusj  kii,  N.igoya, 
kipfin,  Intt.  j,  Mfifh.  Sci  , HI.  (1 ),  PP  29  30  (Jurt  1977) 
0 figs,  5 refs 


Key  Words,  Rings,  Fluid-induced  excitation.  Periodic  excita- 
tion 

A dynamic  stress  analysis  is  carried  out  for  a ring  filled  with 
a fluid  subjected  t.  the  ifansiimi  inne»  pressure  resultmc 
from  an  explosion  in  the  vicmiiv  ot  Ms  center  Tne  relation 
ships  between  hydraulic  pressures  and  stresses  m a ring  antf 
time  are  investigated  due  to  an  im.nulsrve  force  which  is  as- 
sumed to  be  a step  function  in  time 


SPRINGS 

(Also  st;(!  No  1 b49) 

77  1654 

Syiilhesis  of  Spring  Paraiiieterh  to  Satisfv  Specified 
Fiiergy  Levels  in  Planar  Mechaiiisms 

G.K.  Matthew  and  D.  lesar 

Dept,  of  Mec'h,  Engrq.,  Univ  of  Maryland.  Collc*ge 
Park,  MD.,  J.  Engr  Indus.,  Trans  ASME.  ^ (2) 
pp  341-346  (May  1977)  4 figs,  24  refs 

Key  Words:  Springs,  Structural  synthesis 

The  potential  energy  storage  capabilities  of  linear  springs 
are  interjrated  with  the  nonlinear  motion  of  mechanisms  to 
provide  approximation  of  desired  counter-loading  functions. 
The  approximating  function  is  required  to  be  identical  to  the 
desired  function  at  a number  of  precision  points.  The  work  is 
directly  analogous  to  the  atgefiraic  form  of  kinematic  syn- 
thesis, thus  enabling  an  immediate  conceptual  grasp  of  those 
already  familiar  with  kinematics. 


77- 1 655 

Svntln'sis  <»f  Spring  Parameters  to  Balance  (ieiieral 
forcing  Functions  in  Planar  Mechanisms 

G.K.  Matthew  and  D.  Tosai 

Dept,  (.ff  Meet'.,  f-nqrq.,  Univ.  of  Maryland.  College 
Park,  MD,  J ^ ngr  Indus,  Irans.  ASME,  99  (2), 
Pf)  347-352  (May  1977)  8 figs,  4 tal)les,  7 refs 

Key  Words:  Springs.  Structural  synthesis 

The  analytical  formulation  from  a companion  paper  is  ex- 
tended to  allow  the  concept  of  multiply  separated  positions 
to  be  applied  to  the  spring-energy  problem.  A major  change 
in  perspective  for  mechanisms  is  accomplished  by  the  ability 
to  presume  that  the  mechanism  pre-exists.  Heretofore  it  has 
always  been  necessary  to  deal  with  mechanisms  on  a posi- 
tional basis  where  higher-order  motion  could  not  be  consid- 
ered without  also  including  the  location  of  the  mechanism. 
The  set  of  analytics  applied  to  springs  is  not  affected  by 
ignoring  positional  information 
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77-1656 

Stability  Boundaries  of  a Swin^ng  Spring  with 
Oscillating  Support 

G.  Ryland,  II  and  L.  Meirovitch 
Dept,  of  Engrg.  Science  and  Mechanics,  Virginia 
Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  VA 
24061,  J.  Sound  Vib.,  ^ (4),  pp  547-560  (Apr  22, 
1977)  7 figs,  10  refs 

Key  Words:  Springs,  Pendulums,  Vibrating  foundations 

This  paper  is  concerned  with  the  motion  of  a flexible  pendu- 
lum whose  support  oscillates  harmonically  along  a veaical 
line.  A simple  computational  procedure  is  developed  which 
permits  the  calculation  of  large  symmetric  tridiagonal  deter- 
minants. This  procedure  is  used  to  compute  combinations 
of  system  parameters  for  which  periodic  solutions  are  pos- 
sible. Then  periodic  solutions  are  used  to  produce  stability 
diagrams  in  a three-dimensional  parameter  space,  where  the 
stability  diagrams  can  be  regarded  as  three-dimensional 
Strutt  diagrams. 


STRUCTURAL 

(Also  see  No.  1^75) 


77-1657 

Life  Prediction  of  Notched,  \ ibratiiig  Stnictiiral 
Components  by  Means  of  Interpolation  Method 
(Line  Interpolationsnietbode  fiir  die  Lebensdaiier- 
vorhersage  {(ekerbter,  schwingend  beansprnchter 
llanteile) 

K.  Heckel  and  U.  Kurth 

Konstruktion,  M (11),  PP  443-446  (Nov  1976) 
3 figs,  5 rets 
(In  German) 

Key  Words:  Fatigue  life.  Structural  components 

A method  for  the  estimation  of  life  of  vibrating,  slightly 
notched  structural  members,  based  on  Neuber's  "rnacro- 
scopic  support  effect"  theory,  is  described.  From  the  ex- 
perimental stress  cycle  diagrams  (Wohler  lines)  of  two  differ- 
ently notched  specimen,  a nonlinear  deformation  law  is 
derived.  It  describes  the  cyclic  deformation  behavior  of  the 
entire  range  of  life  to  fracture. 


77-1658 

Traffic  jNoise  - A Study  of  a Tyre/Road  Nois<‘  Mech- 
anism 

S.E . Samuels 

Australian  Road  Res,  Board,  Vibration  and  Noise 
Control  Engineering,  Proceedings,  Sydney,  Australia, 
pp  66-70  (Oct  11-12,  1976)  8 figs,  3 tables,  6 refs 

Keywords:  Traffic  noise.  Tires 

This  paper  deals  with  a basic  study  of  what  Is  believed  to  be 
the  major  mechanism  of  tire/road  noise,  namely  the  displace- 
ment and  replacement  of  air  trapped  in  the  cavities  between 
the  tire  tread  and  ihe  road  surface. 


SYSTEMS 


ABSORBER 


77-1659 

Variety  of  Cuisliioniiig  Materials  .\b,sorb  bnpaet, 
Energy  ami  Shoek 

Product  Engr.  (N.Y  ),  4_8  (5),  pp  25-27  (May  1977) 
3 figs 

Key  Words;  Energy  absorption.  Packaging  materials.  Poly- 
urethane resins.  Foams,  Bumpers 

An  elastomeric  bumper  system  produced  by  the  reaction 
injection  process,  named  Davisorb,  is  described.  The  system 
is  made  up  of  a thin  separately  molded  skin  covering  a system 
of  foam  energy-absorbing  blocks  mounted  on  a rigidly 
attached  reinforcement  or  load  transfer  bar. 


77-1660 

.\tleniiation  of  Ilydraulir  Noise  in  lliiildings  by  a 
Simple  Energy  ,\bsorption  Teehnique 

T.B.  Guy 

Dorn,  of  Mech,  Engrg.,  Faculty  of  Military  Studios, 
Uniy  of  Now  South  Walos,  Australia,  Vitiration 
and  Noiso  Control  Engineering,  Proceedings,  Sydney , 
Australia,  pp  129  1 30  (On  11  12,  19761  4 figs, 
3 rets 
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Key  Wo  ds:  Hydraulic  equipment,  Buildings,  Energy  absorp- 
tion 

A new  method  of  hydraulic  noise  attenuation  using  an  energy 
absorption  technique  is  described  and  illustrated  by  its  appli- 
cation to  the  problem  of  domestic  water  supply  noise.  The 
nr^thod  is  shown  to  be  extremely  effective  in  the  suppression 
of  pressure  pulses  and  hydraulic  noise  over  a wide  pressure 
range. 


NOISE  REDUCTION 

(Also  see  Nos.  1542,  1545,  1623,  1624, 
1660,  1691,  1699,  1701) 


77-1661 

The  ,Noise  of  Three  Types  of  Pneumatic  Motor 

V.  Mason  and  R.J.  Hooker 

Sugar  Research  Inst.,  Mackay,  Australia,  Vibration 
and  Noise  Control  Engineering,  Proceedings,  Sydney, 
Australia,  pp  135-136  (Oct  1T12,  1976)  1 fig, 
2 tables 

Key  Words:  Pneumatic  equipment.  Noise  reduction 

The  noise  output  and  mechanical  performance  characteristics 
of  three  types  of  p.ieumatic  motor  (piston  motor,  vane 
motor,  and  gear  motor)  have  been  Investigated  with  a view  to 
finding  methods  of  reducing  their  noise  output.  The  air  ex- 
haust produced  the  loudest  noise  source.  A redesigned  ex- 
haust port  arrangement  reduced  noise  considerably.  A pro- 
totype exhaust  silencer  was  also  tested. 


77-1662 

Pneumatic  Silencers  for  Kxhaust  Valves  and  Parts 
Kjectors 

H.W.  Lord,  H. A.  Evensen.and  R.J.  Stein 
Michigan  Technological  Univ.,  Houghton,  Ml,  S/V, 
Sound  and  Vibration,  1J_  (51,  pp  26-34  (May  1977) 
2'  figs,  2 tables.  4 refs 

Key  Words;  Silencers,  Pneumatic  equipment 

A common  source  of  noise  found  In  many  industries  is  that 
of  air  jet  noise  associated  with  air  blow-off  from  pneumatic 
valves,  and  jets  used  for  parts  ejectors  or  scale  and  grit 
blowers.  In  the  first  example,  the  air  exhaust  serves  no  useful 
purpose  so  the  main  function  of  a silencer  is  to  reduce  the  jet 
noise  without  unduly  Increasing  time  for  exhaust  of  dis- 
charge. However,  in  the  second  example,  the  jet  provides  a 
necessary  thrust.  Consequently,  silencers  for  these  jets  must 
reduce  the  noise  level  but  maintain  adequate  force  produced 
by  the  jet,  Nine  brands  of  air  ejector  sihnceis  and  twelve 


brands  of  air  exhaust  silencers  were  tested  under  uniform 
conditions  of  steady  and  transient  flow,  information  useful 
for  the  selection  of  ejector  and  exhaust  silencers,  on  the  basis 
of  sound  reduction,  is  provided. 


77-1663 

Rules  for  Noiseless  Design  (Regein  fur  lamiamie 
Konstruktionen) 

H.W.  Muller  and  D.  Toiler 

Fachgebiet  Maschinenelernente  u.  Getriobe  an  d.  T.U. 
Darmstadt,  Konstruktion,  28  (9)  pp  333-339  (Sept 
1976)  5 figs,  19  refs 
(In  Gorman) 

Key  Words:  Machinery  noise.  Noise  reduction.  Design  tech- 
niques 

In  the  first  part  of  this  article,  the  causes  of  machine  noise 
are  discussed.  In  the  second  part,  28  rules  for  noiseless  design 
are  presented. 


77-1664 

The  Development  of  a Noise-Reduced  Dumper 

P.J.  Hallman 

Noise  Control,  Vib.  and  Insul.,  ^ (51,  pp  164-166 
(May  1977)  1 table,  4 figs 

Key  Words:  Machinery  noise.  Noise  reduction 

Modifications  tc  a dumper  (Diesel  driven,  four  wheel  drive 
vehicle)  to  eliminate  noise  are  described. 


77-1665 

Noise  ('ontrol  in  Uiiilding  Detelopment 

K.J.  Mott 

Addicoat  Hogarth  Wilson  Pty  I td.,  Consulting 
Engineers,  Sydney,  Australia,  Vibration  and  Noise 
Control  Engineering,  Proceedings,  Sydney,  Australia, 
pp  101-102  (Oct  1112,  1976) 

Key  Words;  Noise  reduction.  Construction  equip' lent. 
Industrial  facilities 

This  paper  points  up  the  need  to  anticipate  commonly  en- 
countered nois'  problems  in  building.  Noise  control  proce- 
dures available  at  the  design  stage  are  discussed  in  terms  of 
the  effects  of  Impact  on  the  ei  vironment  by  noise  of  building 
construction  and  operation;  i.mpact  on  the  occupants  by  the 
noise  of  e external  environment;  and  impact  on  the  occu- 
pants by  the  noise  generated  by  mrrihanical  plant  within  the 
building. 
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Case  Histories  of  Practical  Nois«-  Attenuation  «l 
Construction  Plant  aiui  Kquipment 

J,F.  Nichols 

Metropolitan  Water  Sewerage  and  Drainage  Board, 
Australia,  Vibration  and  Noise  Control  Engineering, 
Proceedings,  Sydney,  Australia,  pp  137-138  (Oct  11- 
12,  1976) 

Key  Words:  Construction  equipment.  Noise  reduction 

Case  histor'es  are  presented  of  construction  plant  noise  at- 
tenuation carried  out  by  the  Sydney  Metropolitan  Water 
Sewerage  and  Drainage  Board  over  the  last  15  years. 
Included  is  a brief  outline  of  reasons  for  the  program,  priorit- 
ies, methods  employed,  the  case  histories  and  conclusions. 
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Noitic  Reduction  of  Jumbo  Mounted  Percus.sive 
Drills:  Phase  I.  Noise  and  Usage  Survey 

E.K.  Bender  and  N.M.  Rubin 

Bolt  Bnranek  and  Newman  Inc.,  Cambridge,  MA, 
Ropt.  No.  BuMines  OF  R -45-77,  82  pp  (Sept  76) 
PB  265  083/6GA 

Key  Words:  Drills,  Tools,  Noise  measurement.  Vibration 
measurennent.  Noise  reduction 

Noise  from  four  drills  --  Gardner-Denver  D93LAR  and 
DH123  and  Ingersoll  Rands  D475  and  VL120  models  -• 
were  measured  at  the  two  manufacturers'  test  sites.  Data  are 
given  in  terms  of  characteristic  noise  and  vibration  levels. 
A survey  of  percussive  rock  drill  users  is  reported.  The 
rationale  for  the  choice  of  a demonstration  drill,  the  Gardner- 
Denver  DH123.  is  given  and  a desired  noise  reduction  goal  is 
established. 


AIRCRAFT 

(Also  see  Nos.  1546,  1553,  1554.  1704) 


The  predicted  dynamic  stability  of  the  XV-15  tilting  prop- 
rotor  aircraft  in  cruise  flight  is  updated.  The  major  influence 
of  the  pitch-lag  coupling  of  the  XV-15  gimhalled,  sliff-inplane 
rotor  on  the  aircraft  stability  is  shown. 
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A Practical  Approach  to  the  Prediction  of  ()s»-illatory 
Pressure  Distrihutioiis  on  Wings  in  Supercritical  ^'lov^ 

H.C.  Garner 

Aerodynamics  Dept.,  Royal  Ain  raft  Establishment, 
Farnborough,  UK,  Rept.  No.  ARC-CP  138,  RAE  TR- 
74181,  ARC-36100,  61  pp  (1976)  (Supersedes 
RAE-TR-74181;  ARC-36100)  18  figs,  7 tables 
N77-19017 

Key  Words:  Aircraft  wings,  Fluid-induced  excitation.  Flutter 

Brief  consideration  of  current  approaches  to  the  prediction 
of  unsteady  wing  loading  in  mixed  subsonic  and  supersonic 
flow  shows  a wide  variety  of  method  and  a clear  need  for 
economy  in  transonic  aerodynamic  calculations  for  flutter 
clearance  in  subsonic  flight.  In  support  of  measurements 
of  steady  and  oscillatory  pressure  distributions  on  a parti- 
cular wing,  an  approximate  theoretical  treatment  was  devised 
in  terms  of  nonlinear  steady  surface  pressures  and  linear 
oscillatory  loading.  The  steady  data  were  taken  either  from 
transonic  small-perturbation  theory  or  from  the  static  experi- 
ments. The  resulting  theoretical  or  semi-empirical  calcula- 
tions can  take  account  of  stream  Mach  number,  mean  inci- 
dence, mode  of  oscillation,  frequency,  and  amplitude. 


77-1670 

An  Appliralion  of  l-'asl  FitHiiifiiry-Swccp  Kwilafion 
lo  (lie  Measurenienl  of  Suh-('ritieal  Responxe  of  a 
Low  Speetl  WimI  Tunnel  Model 

C.W.  Skinglo  jnd  D.R.  Gaukroger 
Structures  Dept.,  Royal  Aircraft  Establishment, 
Farnborough,  UK,  Rept.  No.  ARC-CP-1356:  RAE- 
TR  74129;  ARC-36184,  28  pp  (1976)  (Supersedes 
RAE-TR-74129,  ARC-36184)  7 figs,  2 tables,  rots 
N77  19016 


77-1668 

The  Infhieiiee  of  Piteh-I.ag  ('.oupling  on  (he  I’redieled 
Veroela.xlie  Slahilily  of  the  \V-I,>  Tilting  I’roprotor 
Aireraft 

W.  .Johnson 

NASA  Ames  Research  Ctr  , Moffett  Field,  CA,  Repit. 
•Jo.  NASA  TM  X-73213,  A6946,  22  |ip  (Feb  1977) 
N77  19989 

Kpy  Words-  Aircraft,  Dynamic  stability 


Key  Words:  Aircraft  wings.  Flutter,  Wind  tunnel  tests,  Four- 
ier analysis 

An  analysis  method  was  developed  to  enable  modal  frequen- 
cies and  damping  ratios  of  a system  to  be  obtained  from 
excitation  and  response  records  In  conditions  where  the 
system  is  also  excited  by  unknown  random  forces.  The  tran- 
sient input  was  a fast  frequency-sweep,  and  the  resulting 
response  and  force  input  records  were  processed  using  digital 
Fourier  analysis  technl<jues,  The  results  are  compared  with 
those  obtained  from  sustained  sinusoidal  excitation.  Compar- 
isons are  given  for  the  frequency  and  damping  characteristics 
of  the  first  four  modes  of  the  model. 
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Wind  Tunnel  Kinder  Tests  at  Sub.^onie  Speeds  on  a 
llalf-Wing  with  a Fan-Kngine  Nacelle 

D A,  Drane  and  G.B.  Hutton 

Structures  Dept.,  Royal  Aircraft  Establishment, 
Earnborough,  UK.  Rept.  No.  ARC-CP  1354;  RAE- 
TR-74130,  ARC-35955,  38  pp  (1976)  (Supersedes 
RAE-TR-74130;  ARC-35955)  14  figs,  refs 
N77-19014 

Key  Words;  Flutter,  Nacelles,  Wind  tunnel  tests.  Aircraft 
wings 

Flutter  tests  were  made  on  a half-wing  model  with  a fan- 
engine  nacelle  attached  by  a pylon  at  an  inboard  section. 
The  model  was  nominally  rigid,  and  flexibilities  in  pitch  and 
roll  were  introduced  at  the  root.  Measurements  were  made 
of  the  flutter  charactersitics  of  the  model  at  Mach  numbers 
of  0.6  and  0.8  over  a range  of  dynamic  pressures  using  three 
different  methods  of  analysis. 


77-1672 

I he  Huder  of  a Two-l)itncnsioiial  Wing  willi  Simple 
.Verodynamics 

r.  Niblett 

Structures  Dept.,  Royal  Aircraft  Establishment, 
Earnborough,  UK,  Rept.  No.  ARC-CP-1355;  RAE- 
TR-75008;  ARC-36164,  35  pp  (1976)  (Supersedes 
RAE-TR-75008;  ARC-36164)  14  figs,  refs 
N77-19015 

Key  Words;  Aircraft  wings.  Flutter,  Damping,  Stiffness 

The  flutter  stability  of  a rigid  wing  with  two  degrees-of- 
freedom  and  subjected  to  the  simplest  aerodynamic  forces 
including  damping  was  considered.  The  limits  of  combina- 
tions of  nodal  axis  positions  which  can  lead  to  flutter  were 
found,  and  a fairly  simple  expression  from  which  the  flutter 
speed  can  be  found  is  given.  The  results  are  compared  with 
those  from  simple  frequency-coalescence  theory. 
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Aerodynamic  Noise 

ACiARD,  Paris,  Prance,  Rept.  No.  AGARD  LS-80, 
307  pp  (Jan  1977) 

AD-A037  334/OGA 

Key  Words;  Aircraft  noise.  Jet  engines.  Aircraft,  Biblio- 
graphy 

The  aim  is  to  provide  an  up-to-date  account  and  authorita- 
tive appraisal  of  aerodynamic  noise  concept,  theory,  and 


experiments.  Particular  emphasis  is  given  to  practical  meth- 
ods for  the  prediction,  measurement  and  reduction  of  exter- 
nal noise  from  jet/fan  aircraft.  Following  a brief  overview 
of  relevant  aircraft  design  and  operational  considerations, 
the  main  articles  Include  detailed  presentations  on  the  funda- 
mental theory  of  aerodynamic  noise  generation  and  propa- 
gation, basic  aero-acoustic  of  jet  efflux  noise,  engine  exhaust 
noise  characteristics,  fan  noise,  airframe  self-noise,  airframe/ 
engine  interaction  effects,  aero-acoustic  measurement  and 
analysis  techniques,  aircraft  identification  and  location 
methods,  and  ground-based  facilities  with  forward-speed 
representation.  A bibliography  of  171  items  is  included  In 
the  publication. 
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Respon.se  of  a Subsonic  Nozzle  to  .Aeoiislic  and  Kn- 
tropy  Disturbances 

M.S.  Bohn 

Daniel  and  Florence  Guggenheifii  Jet  Propulsion  Ctr., 
California  Inst,  of  Tech..  Pasadena,  CA  91109,  J 
Sound  Vib.,  ^ (2),  pp  283-297  (May  22,  1977) 
1 0 figs,  7 refs 

Key  Words;  Aircraft  noise.  Jet  noise,  Noise  generation 

The  one-dimensional  response  of  a subsonic  nozzle  flow  to 
small  pressure  and  entropy  disturbances  is  calculated.  The 
response  is  expressed  in  terms  of  transmitted  acoustic  waves 
(which  propagate  from  the  nozzle  in  the  direction  opposite 
to  that  of  the  disturbance  wave)  for  three  independent  dis- 
turbances: a downstream-propagating  acoustic  wave  imping- 
ing upon  the  nozzle  exit,  and  an  entropy  wave  convecting 
through  the  nozzle.  The  solution  for  high  treejuency  dis- 
turbances IS  discussed  and  used  with  the  compact  (long 
wavelength  disturbance)  solution  to  nornnahze  several  numer- 
ical calculations. 


77-l67r> 

I iii\crsi(\  \ois«*  ReM*i»rcb  - Ptornntimos  nt  flu*  EK\- 
1 niversiU  Noist*  Snminar  lb*ld  at  INirdiir  1 iii\crsit\, 
Lafa\rltt*.  Indiana  on  Orlobrr  18-20.  1076 

J-W.  Sullivun  arid  A F ■ , 1 t 
Ray  W.  Herrick  Lat)s..  Purdut*  i 'nu  LatayeTt*-.  IN. 
Rept.  No.  EPA/550/9-77,:-i0i’  19^  ir  -Dr.  76) 

PB-265  114/9GA 

Key  Words:  Noise  reduction.  Ancraft  noise.  Proceedings 

Material  presented  and  discussed  at  the  seminar  includerf  re- 
search, development  and  demonstration  projects  in  all  areas 
of  noise  control  except  noise  generated  by  aircraft.  Emphasis 
was  placed  on  non-Federally  funded  programs  and  hardware 
oriented  projects.  An  appendix  to  the  report  provides  an  ex- 
tensive compendium  of  university  noise  research  protects  re- 
gardless of  the  nature  of  the  source  or  sponsoring  institution. 
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BRIDGES 


77-1676 

Motion  of  Suspension  Bridge  Siihjert  to  Wind  I.oads 

J,  Beliveau.  R.  Vaicaitis,  and  M.  Shino/uka 
Univ.  of  Sherbrooke,  Sherbrooke,  Quebec,  Canada, 
ASCE  J.  Struc.  Div,.  (ST6),  pp  1189  1205 
(June  1977)  8 fiqs,  1 table,  19  refs 

Key  Words:  Suspension  bridges,  Wind-indjced  excitation 

Vertical  and  torsional  motions  of  a suspension  bridge  due  to 
wmd  loading  are  studied.  Both,  self-excited,  due  to  bridge 
motion,  and  buffeting,  independent  of  bridge  motion,  wind 
loads  are  included.  The  self-excited  aerodynamic  forces  are 
modeled  using  aerodynamic  coefficient  or  Duhamel  integral 
formulations.  For  this  purpose,  experimental  information 
on  section  models  from  wind  tunnel  testing  is  utilized.  The 
buffeting  random  loads  are  determined  from  specified  spec- 
tral densities  or  horizontal  and  vertical  turbulent  wind 
velocity  fluctuations.  Numerical  results  are  obtained  using 
frequency  and  time  domain  formulations.  Dynamic  bridge 
stability  is  also  investigated. 


77-I678 

Kfferls  of  Torsional  (^ouplin^  on  Karlhquake  Forces 
ill  liiiiltlin^s 

C.L  Kan  and  A.K,  Chopra 

Ufiiv  . of  California.  Berkeley,  CA.,  ASCE  J.  Struc. 
Div,,  203.  (ST4),  pp  805-819  (Apr  19771  7 ftgs, 
31  refs 

Key  Words:  Buildings.  Seismic  response 

The  elastic  response  of  torsionally  coupled  one-story  build- 
ings to  earthquake  ground  motion,  characterized  by  idealized 
shapes  for  the  response  spectrum,  is  studied.  Influence  of  the 
basic  system  parameters  on  the  response  is  investigated. 
The  relationship  between  the  forces  • base  shears  and  torque  • 
in  a torsionally  coupled  system  and  the  base  shear  in  a cor- 
responding torsionally  uncoupled  system  is  established, 
and  the  effects  of  torsional  coupling  on  earthquake  forces 
are  identified.  Useful  upper  and  lower  bounds  are  presented 
for  the  base  shears  and  torque  due  to  simultaneous  action  of 
two  horizontal  components  of  ground  motion  of  ectual 


BUILDING 

(Also  see  Nos.  1647,  1551 , 1660) 


Seismic  Structural  Design/  \iial\ sis  (iiiidelines  lor 
Buildings 

J.D,  Prendergast  and  W.E  Fislu^r 
Constru'.Tion  Engrn.  Research  Lab.  (Arniyl,  Cha"' 
paign,  IL,  Rept.  No.  CERl  SR  M-206.  28  pi  (Eeb 
1977) 

AD-A037  747/3GA 


Klastic  Karlhquake  .Analysis  of  a Class  ot  Torsionally 
Coupled  Buildings 

C.L.  Kan  and  A.K.  ChoiTa 

Univ.  of  California,  Berkeley,  CA  , ASCE  J.  StriJC. 
Div.,  103  (ST4),  pp  821-838  (Apr  1977)  4 figs. 
3 tables,  1 3 refs 

Key  Words:  Buildings,  Multistory  buildings.  Seismic  response 

A simple  procedure  is  developed  for  analysis  of  elastic 
response  of  a particular  class  of  torsionally  coupled  multi- 
story buildings  to  earthquake  ground  motion,  characterized 
by  smooth  response  spectra.  In  this  procedure  the  response 
of  a N-story  torsionally  coupled  building  - a system  with 
3N  degrees-of-freerJom  (DOF)  • is  determined  by  analyzing 
two  systems;  An  N story  torsionally  uncoupled  counterpart 
of  the  actual  building  --  a system  with  N DOF;  and  an  asso- 
ciated one-story  torsionally  coupled  system  a system  with 
3 DOF  The  simpler  analysis  procedure  leads  to  exact" 
results  if  the  variation  of  earthquake  spectral  acceleration 
with  vibration  period  is  idealized  as  flat  or  hyperbolic 


Key  Words:  Seismic  design,  Earthquake  resistant  structures. 
Buildings,  Modal  analysis 

This  report  presents  interim  guidelines  for  the  seismic  struc- 
tural design/analysis  of  the  lateral-force-resisting  systems  of 
permanent  military  buildings.  These  guidelines  are  intended 
to  enable  critical,  high-loss-  and  low-loss-potential  buildings 
to  withstand  their  respective  design  earthquakes  without 
unacceptable  loss  of  function  or  structural  damage.  Modal 
analysis  procedures  are  advocated  for  critical  buildings  and 
high-loss-potential  buildings  with  irregular  shapes,  large 
differences  in  lateral  resistance,  or  other  unusual  structural 
features.  The  equivalent  static  lateral  load  method  is  ad- 
vocated for  high-loss-  and  low-loss-potential  buildings  which 
are  regular  in  shape  and  have  uniform  mass  and  stiffness 
distributions.  Both  procedures  employ  a design  spectrum  for 
the  seismic  ground  motion  which  is  constructed  based  on 
the  effective  peak  ground  acceleration  at  the  site 


Karlliquake-lmlurcd  In-Building  Motion  1 .ntrria 
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Key  Words:  Vibration  isolation.  Buildings 


S.-C.  Liu,  L.W.  Fagel.and  M.P.  Dougheriy 
National  Science  Foundation,  Washington,  D.C., 
ASCE  J.  Struc.  Div.,  1^(ST1).  (>p  133-152  (Jan 
1977)  1 3 figs,  2 tables,  14  refs 

Key  Words:  Earthquake-resistant  structures.  Seismic  re- 

sponse, Buildings,  Multistory  buildings,  Mathematical  models 

Two  10-member  ensembles  of  digitally  generated  waveforms 
that  simulate  real  earthquake  accelerograms  are  used  to 
excite  mathematical  models  of  two-story  to  20-story  build- 
ings of  widths  ranging  from  100  ft  to  300  ft  and  founded 
\ on  soils  characterized  by  shear-wave  velocities  of  up  to 

4,000  fps.  Realistic  equivalent  structural  damping  is  deter- 
mined and  used  in  this  analysis  based  on  the  actual  building 
response  data  recorded  during  the  San  Fernando  earthquake 
of  1971  Calculated  upper  bound  motion  responses  on  floors 
throughout  the  buildings  are  presented  in  terms  of  peak 
values  of  acceleration,  velocity,  and  displacement.  Envelopes 
of  damped  response  spectra  derived  from  the  in-building 
accelerograms  are  also  presented,  and  the  use  of  these  spectra 
is  demonstrated  with  an  illustrative  example. 


77-I6HI 

Kartliqiiake  KHatetl  Vctivities  of  the  Center  for 
Huilciiiig  Teehnolo^y 

C Culver 

Center  for  Building  Technology,  National  Bureau  of 
Standards,  Washington,  D.C.,  Rept.  No.  NBSIR-76- 
1 193,  24  pp  (Mar  1977) 

PB265  103/2GA 

Key  Words:  Earthquake  resistant  design.  Buildings 

The  report  describes  activities  related  to  earthquake  engi- 
neering being  carried  out  by  the  Center  for  Building  Tech- 
nology as  part  of  the  Center  s overall  Disaster  Mitigation 
Program.  Laboratory  and  field  research,  post  disaster  inves- 
tigations and  efforts  to  develop  comprehensive  earthquake 
resistant  design  provisions  are  Included.  The  professional 
disciplines  within  the  Center  and  the  laboratory  facilities 
are  discussed.  Recent  accomplishments  and  mechanisms 
employed  for  facilitating  implementation  of  the  Center's 
research  results  are  also  discussed. 


77-1682 

Vibration  Isolation  of  the  Theatre  Royal 

D.  Eden 

Peter  R.  Knowland  and  Assuc.,  Sydney.  Australi.i, 
Viljration  and  Noise  Control  Engineering,  Prot.eeri 
mgs,  Sydney,  Australia,  pp  107  108  (OU  11-12, 
1976)  2 tables,  2 refs 


The  new  Theatre  Royal  in  Sydney  is  directly  over  both  I 

tracks  of  the  Eastern  Suburbs  Railway.  This  paper  discusses 

the  vibration  isolation  and  attenuation  incorporated  n the  j 

design  to  reduce  the  level  of  objectionable  noise  intrusion  | 

to  the  Theatre  from  the  future  railway.  1 

I 

77-1683  ! 

Analyze  Tower  Vibration  Quicker  ! 

K.K.  Mahajan  1 

The  Litwin  Corp.,  Wicliita,  KS.,  Hydrocarbon  Pro- 
cessing, ^ (5),  PP  217-219  (May  1977)  1 fig,  3 j 

tables,  9 refs  j 

i 

Key  Words:  Toweis,  Chimneys,  Wind-induced  excitation  ^ 

I 

The  article  extends  Zorrila's  method  for  calculating  vibra-  j 

tions  in  towers  due  tc  wind  b\  establishing  simplified  rela-  | 

tionships  from  his  data.  It  also  presen  . s some  of  his  graphical  I 

data  In  tabular  form  for  quick  vibration  investigations  of  self-  ] 

supporting  vertical  cylindrical,  cantilevered  structures  such  as  j 

towers  and  stacks.  Criteria,  as  recommended  by  Zorrila.  | 

is  used  to  establish  a need  for  such  analysis. 


CONSTRUCTION 

(Also  see  Nos.  1545,  1666) 
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V ibration  of  Pavement  Coner(*te 

J.E.  Bryden  and  R.W.  Rider 

Engineering  Res.  and  Dev.  Bureau,  New  York  State 
Dept,  of  Transportation,  Albany,  NY.,  Rept.  No. 
NYSDOT-ERD-77-RR-40,53  pp  (Mar  1977) 

PB-265  358/2GA 

Key  Words;  Vibrators  (machinery),  Vibratory  techniques. 
Concrete  construction,  Pavements 

The  effects  of  spud  vibrators  mounted  on  slip-form  pavers 
were  examined  on  three  paving  projects.  Slump  and  en- 
trained air  of  the  plastic  concrete  were  measured  and  paver 
speed  was  deliberately  varied.  A total  of  364  pavement 
cores  were  taken  at  various  distances  from  the  vibrators  for 
deierminsiion  of  density,  entrapped  air  content,  aggregate 
distribution,  and  mesh  embedment.  Riding  quality  of  the 
finished  pavement  vras  also  measured. 

FOUNDATIONS  AND  EARTH 

(Also  see  No.  1 569) 
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77-1685 

h'uuiulaiioii  Design  I'ur  Keciproeatiiig  (lompressors 

S.C.  Arya.  R.P.  Drewyor,  and  G.  Pincus 
The  CE-Lummus  Co.,  Houston,  T,X.,  Hydrocarbon 
Processing,  ^ (5),  pp  223-234  (May  1977)  7 figs, 
7 tables,  10  refs 

Key  '.Vords:  Foundations,  Machine  foundations.  Compres- 

sors, Natural  frequencies.  Resonance,  Design  techniques 

Compressor  operating  frequencies  are  close  to  foundation 
natural  frequencies  which  create  resonant  conditions.  A 
design  method  to  avoid  operating  problems  is  described. 


HELICOPTERS 

(Also  see  Nos.  1555,  1556) 


T7-K)H6 

Kesearrh  RtH]iiirei«ents  for  the  Reduction  of  Heli- 
copter ihration 

G.S.  Dornan 

Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept. 
NASA-CR-145n6;  0210-11154-1,  37  pp  (Dec  1976) 
N77-19058 

Key  Words;  Helicopters,  Vibration  control 

A search  tor  ail  prospective  approaches  to  the  reduction  of 
helicopter  vibration  was  conducted  to  establish  insight  for 
the  planning  of  a corrective  research  program.  The  state  of 
the  art  as  revealed  in  the  literature  is  summed  up  and  follow- 
ed by  a discussion  of  state-of-the-art  solutions  and  of  identi- 
fied technological  gaps.  It  is  applicable  to  aM  helicopters 
without  regard  to  siie.  Extending  the  historic  trend  toward 
lower  vibration  levels  will  require  the  successful  application 
of  principles  which  isolate  the  fuselage  from  the  rotor  sys- 
tems Simplicity  of  the  necessary  isolation  systems  should 
be  facilitated  by  providing  other  refinements  of  the  dynamic 
design  of  the  system. 

HUMAN 

(Also  see  No.  1544) 


77- 1687 

l/)H  l*r«'<|urn<  y Noi?«*  ;uid  Tosliiig  for  Its  Kffrcts 

N.  Brorinf.  R J AlfrncJson,  dfvl  1 .J.  Triiigs 
Dept,  of  ii.  fnqrq.,  Moridsh  Univ.,  Australia, 
Vibrniion  and  NoiSf  Cotiirol  Enqinonring,  Pro  :oed- 
mgs,  Sydn‘*v.  AusTruda.  pp  56-60  {Oct  11  12.  1976) 
10  figs,  21  r<;fs 


Key  Words:  Noise  tolerance.  Human  response 

The  general  effects  of  noise,  and  in  particular,  low  frequency 
and  infrasonic  noise  or  human  performance,  are  reviewed. 
High  leve.s  of  low  frequency  noise  in  some  transportation 
environments  are  reported  and  an  experimental  design  and 
task  battery  for  testing  of  human  performance  effects  due  to 
noise  is  outlined.  The  design  takes  Into  account  possible 
transfer  effects  and  allows  for  time  sharing  among  tasks. 

77-1688 

Sources  of  Industrial  Iiiipacl/lnipiilsive  Noist* 

C.L.  Dyni 

Bolt  Beranek  and  Nevyinan,  Inc.,  50  Moulton  St., 
Cambridge,  MA  02138,  Noise  Control  Enyr.,  ^(2), 
pp  81-87  (Mar/Apr  1977)  2 figs,  2 tables,  9 refs 

Key  vvords;  Machinery  noise.  Human  response 

Many  machines  generate,  as  an  unwanted  by-product,  noise 
that  can  be  classified  as  impact/impulsive.  Such  noise,  if  of 
sufficient  intensity  or  if  repeated  often  enough  over  a suf- 
ficient period  of  time,  can  produce  temporary  and  even 
permanent  hearing  threshold  shifts  in  exposed  workers. 
Although  widely  accepted  analysis  and  measurement  tech- 
niques and  damage  risk  criteria  have  been  developed  for 
continuous  noise,  impac^/impulsive  noise  has  not  received 
extensive  treatment.  A study  directed  towards  establishing 
a data  base  for  the  evaluation  of  research  priorities  in  the 
field  of  impact/impulsive  noise  is  summarized. 

77-1689 

Do  Wc  Mea.siirc  Damaging  Noise  (2)rreclly? 

P.V.  Brue) 

Bruel  & Kjaer,  23  Linde  dlle,  DK-2850  Naorum, 
Denmar).,  Noise  Control  Engr.,  ^ (2),  pp  52-60 
(Mar/Aor  1977)  1 1 figs.  1 table,  14  refs 

Key  Words;  Industrial  facilities,  Noise  measurement.  Mea- 
surement techniques.  Human  response 

For  steady  industrial  noise  without  excessive  impulses,  the 
risk  for  h-?anng  loss  is  reasonably  well  related  to  the  total 
noise  dose  criterion.  However,  the  inadequac'  of  the  criter- 
ion’s assessment  of  the  hearing  loss  risk  for  fluctuating 
industrial  noise  with  relatively  high  peak  values  has  led  to 
the  investigation  of  impulses  encountered  in  industrial 
environments  The  majoiity  of  industrial  noise  has  a higher 
intensity  in  the  750  Hz  to  500  Hz  frequency  range  than  at 
6kHz.  while  short  duration  peaks  contain  a significant 
amount  of  energy  in  tne  4 kHz  to  6 kHz  frequency  region. 
Because  the  frequencies  in  the  4 kHz  to  6 kHz  range  are  also 
amplified  in  the  outer  and  middle  ear.  the  short  duration 
peaks  seem  to  play  a dominant  role  in  contributing  preferen- 
tial damage  in  this  range.  A simple  method  for  setting  limits 
for  hearing  loss  risk  considering  the  crest  factor  of  noise 
when  weighting  the  noise  dose  criteria,  is  proposed. 


ISOLATION 

(Also  set;  No,  1616) 


MATERIAL  HANDLING 


77-1690 

Design  (Titeria  (or  Vibration  Isolating  Moiinlui(;s  for 
Marhiiiery  on  Suspended  R«>ors 

J.A.  Macinante  and  H.  Simmons 
National  Measurement  Lab,,  CSIRO,  Australia, 
Vibration  and  Noise  Control  Engineering,  Proceed 
ings,  Sydney,  Australia,  pp  46-50  (Oct  1112,  1976) 
6 figs,  9 refs 

Key  Words.  Machinery  vibration.  Mountings,  Vibration 
isolation 

A suspended  floor  is  represented  as  a mass-spring-damper 
system,  supporting  a similar  system  that  represents  vibrating 
machinery  on  a spring  mounting.  The  machinery  is  assumed 
to  generate  a vertical  sinusoidal  force.  An  expression  is 
derived  by  conventional  methods  for  the  amplitude  of  the 
vertical  vibratory  force  transmitted  into  the  structure  sup- 
porting the  floor,  and  hence  for  the  transmissibility  ratio. 
The  analysis  considers  the  fundamental  flexural  mode  of 
vibration  of  the  floor,  assuming  vertical  uncoupled  vibration 
of  the  machinery  on  its  mounting.  Linear  plasticity  and 
viscous  damping  of  both  floor  and  mounting  are  assumed. 
From  computer-drawr>  rransn)issib)iily  ratio  contours  cover- 
ing ranges  of  floor  and  mounting  parameters  of  interest  in 
practice,  key  (worst)  cases  are  Identified  on  which  conser- 
vative design  of  the  mounting  can  be  based. 


77-1691 

Vibration  and  Noiw  ('.oiitn)l  »m  a Kotatiiig  Vane 
Diffuser  Drive  I nit 

D.A.  Bies  and  M.  Zockel 

Mech.  Engrg.  Dept.,  Univ.  of  Adelaide,  Austtalia, 
Vibration  and  Noise  Control  Egnineering.  ProreeiJ- 
tngs,  Sydney,  Australia,  pp  91-92  (Oct  11  12.  1976) 
3 figs,  2 refs 

Key  Words  Noise  reduction.  Vibration  isolation.  Reverbera- 
tion chambers 

This  paper  describes  a vibration  and  noise  control  problem 
with  large  and  efficiently  radiating  surfaces  and  the  complex 
techr  jques  which  must  be  employed  to  achieve  relatively 
mciiest  sound  pressure  levels  of  60  dB  in  a reverberation 
whamt>er  The  techniques  of  vibration  isolation,  described 
in  this  paper,  are  applied  to  a specific  problem  vi?.  to  mini- 
mi/e  noise  in  a reverberation  chamber  due  to  the  installa- 
tion of  a rotating  vane  diffuser. 


77-1692 

Tlieofftiral  and  KxptTimeiital  H«‘M*ar4'h  on  \ ibro 
inai'liines  for  Ui<*  Transport  and  llaiidtiiit'  of  Mal«‘nal 

N BiJ' hsi  ti'  id  at>d  A Rovi-rta 
Istiiuio  di  Mei-LdftiCd  delle  Macchme  Pi  ■ ■ ; 

Milano,  Itaiy.  .anita.  11  i3),  pp  172-17**  ■ 
1976)  9 figs,  43  refs 

Key  Words,  Materials  handling  equipment,  Vibratory  con 
veyors 

This  paper  deals  with  the  various  phases  into  which  research 
on  vibromachines  (conveyors)  have  been  articulated  over 
last  years  in  many  countries.  A synthesis  is  then  given  of  the 
theoretical  research  carried  on  at  the  Institute  o*  Mechanics 
of  Machines  of  Polytechnic  of  Milan,  setting  forth  the  results 
obtained  and  analyzing  the  approaches  to  the  problems  of 
different  technical  and  scientific  studies.  A comparison  is 
made  tietween  a vast  series  of  experimental  and  theoretical 
results  obtained  by  the  same  authors 


77-1693 

from  Two.  Four  and  Ki«lit  Ton  I’niudi  I’ri-ssi-s 

L L,  Kosb. 

Dopt  of  Menli,  Engry,,  Monash  Uriiv,.  Australia, 
Vibration  and  Noise  Control  Lnuineering,  Proceed- 
ings, Sydney  Australia,  pp  131  132  (Oi  t 11  12, 
1976)  2 figs,  3 refs 

Key  Words:  Materials  handling  equipment.  Presses,  Noise 

reduction 

The  peak  sound  pressure  levels  radiated  by  two,  four  and 
eight  ton  John  Heine  punch  presses  were  measured  as  a func 
tion  of  load  for  sudden  fractures 


MECHANICAL 

(See  Nos.  1b41.  1663: 


METAL  WORKING  AND  FORMING 


77-1691 

K.\(K’rini«-ntal  Invesligalion  ol  the  ( haraclfrislic.s  of 
Dvnamir  Ciitling  l*rorc.s.s 

M M Nigin  anif  M.M.  Sadi’k 
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hnStidins  Univ,.  Cdiro  bgvpt,  J tngr.  Indus., 
'rans.  ASME.99  (2),  pp  410-418  (Mav  1977)9  figs, 
10  rets 

Key  Words:  Metal  workini^.  Cutting,  Experimental  data 

The  dynamic  response  of  the  shear  plane  and  the  variations 
of  the  dynamic  cutting  coefficients  are  experimentally 
investigated  at  various  values  of  teed,  cutting  speed,  rake 
angle,  clearance  angle,  frequency,  and  amplitude  of  chip 
thickness  modulation.  Wave  generatittg  and  wave  removing 
cutting  tests,  in  which  high-speed  photography  is  used  to 
investigate  the  geometry  of  chip  tormation.  are  carried  out. 
The  theoretical  model  ot  dynamic  cutting  developed  earlier 
IS  assessed  with  reference  to  these  experimental  results.  A 
comparison  between  this  model  and  previous  models  in 
relation  to  the  experimental  results  is  alstJ  presented. 


77-1695 

Delmninatioii  of  Dynamic  (’iitlinfi  Cocflicients  troni 
Steady  Stale  ('uttiii£  Data 

M M.  Nigm,  M.M.  Saduk , and  S.A.  Tobais 
Ein-Shams  Univ.,  Cairo,  Egypt.  Inti.  J Mach.  Tool 
Des.  Res..  W,  (11.  p[)  19-38  (1977)  13  figs,  2 tables, 
31  refs 

Key  Words;  Cutting.  Mathematical  models 

A mathematical  model  is  presented  for  the  determination 
of  the  dynamic  cutting  coefficients  from  steady  state  data. 
This  theory  is  based  on  a non-dimensional  analysis  of  the 
steady  state  orthogonal  cutting  process.  It  takes  into  con- 
sideration the  oscillations  of  the  shear  plane  in  response  to 
dynamic  variations  of  the  cutting  parameters.  The  model  is 
verified,  directly  with  dynamic  cutting  tests  for  wave  cutting 
and  wave  removal,  in  which  the  variations  of  the  shear  plane 
angle  and  those  of  the  cutting  force  coefficients  were  mea- 
sured. Indirect  verification  was  achieved  by  reference  to  the 
work  of  previous  investigators  concerned  with  dynamic 
cutting  and  the  stability  of  the  cutting  process. 


OFF  ROAD  VEHICLES 


77-1696 

A Mathematical  Model  of  tlie  Air-Suspension  Stem- 
V ibration  Si  ran  berry  Harvester 

J H.  Ruff 

Ph.D  Thesis,  North  Carolina  State  Univ.  at  Raleigh, 
M3pp  (1976) 

UM  77  11,lb4 


Key  Words;  Agricultural  machinery.  Mathematical  models 

A mathematical  model  of  the  air-suspension,  stem-vibration 
strawberry  harvester  was  developed  for  the  dual  purpose  of 
obtaining  a belter  understanding  of  the  operational  mechan- 
ics of  the  harvesting  concept  and  to  aid  in  increasing  the  field 
performance  of  the  harvester.  The  combination  of  a probabil- 
istic strawberry  stem  failure  model  and  a mathematical 
analysis  of  the  forced  vibration  of  the  strawberry-stem 
system  enabled  fruit  removal  to  be  predicted  in  a digital 
simulation  model. 


77-1697 

The  \ ibration  l.solatioii  <»f  Kquipriient  fn>lafJed  i/i 
Off-Hoad  \ ehicles 

K.P  Byrne  and  N.D- Giver 

School  of  Mech  & Industrial  Engrg.,  Uttiv.  of  New 
South  Wales.  Australia,  Vibration  and  Noise  Control 
Engineering,  Proceedings,  Sydney,  Australia,  pp  41- 
45  (Oct  1112,  1976)  7 figs,  1 table.  2 refs 

Key  Words.  Off-highway  vehicles.  Military  vehicles.  Trucks, 
Vibration  isolation.  Equipment  response 

This  paper  presents  the  results  of  a survey  of  the  shock  and 
vibration  environment  produced  in  a number  of  types  of 
military  trucks  when  operating  on  surfaces  typical  of  those 
encountered  in  operational  roles.  The  shock  and  vibration 
environment  is  described  in  terms  of  statistical  measures 
and  the  influence  of  parameters  such  as  vehicle  load,  surface, 
position  and  orientation  of  the  point  of  interest  within  the 
vehicle  are  examined.  The  application  of  the  results  to  other 
off-road  vehicles  is  discussed  and  the  implication  of  the 
results  with  regard  to  the  design  of  shock  and  vibration 
isolating  systems  is  examined. 


PACKAGE 

\Also  see  No  16691 


TT-1698 

Pressure  anil  V ihralioii  Test  of  llie 
Container  for  the  HI, Seek  Cluster  Honib  I'nit 

R.T.  Gibbons  and  E.P.  Moravec 
Air  Force  Patkaping  Evaluation  Agency  Wright 
Patterson  APB,  OH.,  Rept.  No.  PTPD  77-13,  11  pp 
(Mar  1977) 

AD  A037  81 1/7GA 


Key  Words:  Containers,  Weapons  systems.  Explosives. 

Shock  tests 
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The  Air  Force  Packaging  Evaluation  Agency  has  been  in- 
volved in  several  'compare  and  contrast'  type  situations 
where  i senes  of  tests  are  perfornntd  on  multiple  containers 
designed  to  protect  the  same  item.  This  was  the  case  in 
testing  of  containers  for  the  BL-755  seek  cluster  bomb  unit. 


PUMPS,  TURBINES,  FANS, 
COMPRESSORS 

(Also  see  Nos.  1583,  1585,  1598,  1685) 


77-1699 

Noise  Exposuie  and  Control  on  Fixed  Marine  Struc- 
tures 

S.H.  Judd 

Standard  Oil  Company  of  California,  San  Francisco, 
CA.,  S/V,  Sound  and  Vibration,  IJ  (5),  pp  20-24 
(May  1977)  14  figs 

Key  Words;  Off-shore  structures.  Noise  reduction.  Machine- 
ry noise 

Machinery  noise  sources  on  drilling  and  producing  platforms 
Include  engines,  turbines,  gears,  generators,  pumps  and  com- 
pressors. Noise  transmission  is  both  structureborne  and  air- 
borne. Exposure  evaluation  requires  consideration  of  work 
shifts  ranging  up  to  12  hours  oer  day,  seven  days  In  a row, 
as  contrasted  to  the  typical  on-shore  40-hour  work  week. 
Exposure  time  is  not  limited  to  the  work  shift  for  those  who 
must  live  on  the  structure.  The  design  problem  is  to  avoid 
or  eliminate  excessive  rolse  levels.  If  this  is  not  feasible, 
noise  levels  are  minimized  both  as  to  intensity  and  the 
physical  area  affected  by  use  of  quiet  machinery.  Enclosure 
and/or  other  acoustical  treatment  is  then  used  to  bring 
exposure  within  acceptable  limits.  Off-duty  areas  and  crew 
quarters  are  placed  in  the  quietest  available  location,  and 
isolated  from  structureborne  and  airborne  noise.  Examples 
of  noise  sources  and  control  measures  are  illusifated  by  case 
histories. 


77-1700 

Backlash  in  Hydraulic  Control  Systems 

K.J.  Rogers  and  P.  Dransfield 

Footscray  Inst,  of  Tech.,  Australia,  Vibration  and 
Noise  Control  Engineering.  Proceedings,  Sydney, 
Australia,  pp  25-29  (Oct  1M2,  1976)  4 figs,  1 ref 

Key  Words;  Hydreulic  systems.  Noise  generation 

Hydraulic  backlash  is  a phenomena  which  degrades  the 
performance  of  some  hydrcjllc  control  systems  under  some 
operating  conditions.  It  is  associated  with  cavitation,  and 
with  load  oscillation  and  possible  noise  emission.  The  types 


of  systems  and  the  operating  conditions  under  which  hy- 
draulic backlash  can  aevelop  are  discussed.  For  a particular 
system,  tha  magnitude  and  the  decay  rate  of  hydraulic  back- 
lash are  studied  via  experimenta  and  simulation.  The  origins 
of,  and  remedies  for,  hydraulic  backlash  are  discussed. 


77-1701 

Reducing  Gear  Pump  Noise*  Potential  by  Design 

K.  Duke  and  P.  Dransfield 

Footscray  Inst,  of  Tech.,  Australia,  Vibration  and 
Noise  Control  Engineering,  Proceedings,  Sydney, 
Australia,  pp  20-24  (Oct  11-12,  1976)  6 figs,  2 refs 

Key  Words:  Pumps,  Goars,  Noise  reduction.  Design  tech- 

r iques 

Noise  emission  is  a problem  with  hydraulic  control  systems. 
Modern  trends  to  higher  pressures  and  higher  pump  speeds 
increase  the  problem.  The  pump,  with  its  pulse-like  discrete 
pumping  action  is  a primary  source  of  noise  generation.  Any 
reduction  in  the  magnitude  and  abruptness  of  pump  dis- 
charge ripple,  and  consequently  of  pump  pressure  ripple, 
can  be  expected  to  reduce  the  noise  generating  potential  of 
the  pump.  With  gear  pumps,  pressure  relief  grooves  are 
machined  in  the  side  plates  to  control  pressure  ripple  and 
other  pressure  effects.  The  present  paper  describes  develop- 
ment of  a new  groove  system  which  minimizes  pressure 
pulsation  via  use  of  a leakage  groove  plus  a set  of  pressure 
relief  grooves. 


77-1702 

The  Development  of  a Low  Noise  Onlrifiigal  Kan 

L.A.  Challis 

Louis  A.  Challis  and  Associates  Pty.  Ltd..  Consulting 
Acoustical  Engineers,  Sydney.  Australia,  Vibration 
and  Noise  Control  Engineering.  Proceedings.  SYdriey, 
Australia,  [)p  93-94  (Oct  11-12,  ;976)  2 figs,  5 lofs 

Key  Words:  Fans,  Noise  reduction 

Since  the  first  fans  were  developed,  the  problems  of  fan 
noise  have  presented  engineers  with  a whole  range  of  noise 
problems.  The  solution  of  these  ptoblems  can  be  approached 
ift  many  ways  • the  solutions  invariably  result  In  some  new 
problems  which  are  often  nearly  as  unpalatable  as  the  original 
noise  problems.  This  paper  presents  the  results  of  a research 
and  developmental  program,  which  is  aimed  at  developing  an 
acoustical  fan,  intended  to  overcome  some  of  th*  most 
disturbing  p-oblems  associated  with  conventional  silencing 
techniques. 
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77-IT0;J 

C.onstructioii  of  Radial  Fans  witli  Special  Reg;ard  lo 
Noise  (ieneration  (Auslepunj'  eines  Radialventila- 
Uirs  in  be/.ug  auf  die  fieraiiselieiilwieklung) 

H.  Neuhauser 

Institut  f.  Dampf  u.  Gasturbinen  dur  T,U  Wien, 
Vienna,  Austria,  Konstruktion,  28  (4),  pp  145 
150  lApr  1976)  13  fiijs,  9 refs 
(In  Gertnan) 

Key  Words;  Fans,  Noise  generation 

The  article  describes  measures  for  primary  noise  reduction 
in  rad.al  fans.  The  major  part  deals  with  the  broad  band 
noise,  which  is  predominant  in  fans,  and  is  composed  of  whirl 
and  turbulence  noise.  The  author  derives  the  broad  band 
noise  level  (at  high  speed)  from  theory,  and  demonstrates 
the  effect  of  the  impeller  seal  on  the  suction  side,  as  well 
as  the  effect  of  a vane  regulator  on  the  turbulence  noise  level. 


TT-ITOt 

Tho  Mrasiireiwnt  of  Aerodynamic  Forces  on  an 
Oscillating  Model  of  a Fan-Kngine  Nacelle 

R C^nsdale  and  D.R.  Gaukroger 
Royal  Aircraft  Fstab/ishmcnt,  Far/iboroi#’,  UK, 
Rept.  No.  RAE-TM  Struc-889;  BR53602,  29  pp 
(June  30,  1976) 

N77-19018 

Key  Words;  Fans,  Engines,  Nacelles,  Measurement  tech- 
niques, Aerodynamic  excitation.  Stiffness  coefficients. 
Damping  coefficients 

A technique  developed  to  measure  the  aerodynamic  forces 
generated  when  a model  fan-engine  nacelle  is  oscillated  in  a 
uniform  airflow  enables  the  model  to  be  oscillated  in  pitch 
or  In  yaw  about  one  of  two  axis  oositions.  A series  of  mea- 
surements for  the  four  combinations  of  axis  position  and 
direction  are  analyzed  to  yield  the  aerodynamic  stiffness  and 
damping  derivatives  for  motions  of  pitch,  yaw,  and  vertical 
and  lateral  translation.  A preliminary  series  of  tests  was 
made  using  a simple  model  of  a fan-engine  in  a low  sneed 
wind  tunnel.  The  rig  and  test  technique  are  described  and  the 
outcome  of  the  tests  discussed. 
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(;iiarar(crislirs  of  the  Noise  Sources  in  a Rotary 
2-Stroke  Lawnmower 

A.D.  Jones  and  G.L,  Brown 


Dept,  of  Mech.En()rij,,  Univ.  of  Adelaide,  Austialia, 
Vibration  and  Noise  Control  Engint.’ering,  Proceed- 
inus,  Sydney,  Australia,  pp  95-96  (Oct  11-12,  1976) 
2 fiijs.  1 table,  2 refs 

Key  Words;  Lawnmowers.  Noise  generation.  Engine  noise. 
Pistons 

The  problem  of  lawnmower  noise  is  considered  in  terms  cf 
the  four  component  parts,  inlet,  exhaust,  mechanical  and 
blade.  Detailed  investigations  into  the  nature  of  mechanical 
noise  and  exhaust  noise  are  described,  from  both  theoretical 
and  experimental  considerations.  For  mechanical  noise, 
piston  slap  is  considered  in  detail,  and  the  expected  results 
of  certain  design  modifications  are  shov\,n.  The  exhaust 
noise  is  described  as  consisting  of  two  components;  flow 
noise  and  pulse  noise.  Recommendations  for  the  reduction 
of  both  these  exhaust  noi>e  components  are  given. 
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77-1706 

,\  Nonlinear  Vcrliral-l’Ianc  Malliciiialical  Model  for 
Air  (;iishion-Su|)|«)rlcd  \ chirlcs 

D.D.  Moran 

Ship  Perlorniaiice  Dept.,  David  W.  Taylor  Naval 
Ship  Res.  and  Dev.  Center,  Bethesda,  MD.,  Rept.  No. 
SPD-615-05.56PP  (June  1976) 

AD-A037  062/7GA 

Key  Words:  Ground  effect  machines,  Mathematical  models. 
Oscillation,  Dynamic  response 

An  analytical  model  for  predicting  the  pitch  and  heave 
response  of  air-cushion-supported  vehicles  during  overland 
operation  is  developed.  The  effects  of  air  compressibility 
and  skirt  contact  with  the  supporting  surface  are  included 
in  the  model.  The  resulting  analytical  model  is  used  to  pre- 
dict the  response  of  an  experimental  model  for  periodically 
varying  terrain. 


77-1707 

Respon.se  lo  I’rofile-lniposod  Kxrlialioii  with  Raii- 
doiidy  \ ary  iiig  Travcrsttl  \ plorily 

K.  Sobc/yk,  D.B.  Mauvoan,  and  J.D,  Robson 
Institute  of  Fundamental  Technologit al  Res.,  Polish 
Academy  of  Sciences,  Warsaw,  J.  Sound  Vib.,,^  (1 ), 
(i()  37-49  (May  8,  1977)  9 figs,  9 refs 

Key  Words;  Ground  vehicles.  Random  excitation.  Surface 
roughness 
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Stationary  response  of  a travelling  system  to  profile-imposed 
excitation  Is  investigated.  The  system  Is  treated  as  linear  and 
both  the  profile  and  traversal  velocity  of  the  system  are 
considered  to  be  stationary  and  Gaussian  random  functions 
of  horizontal  distance.  The  problem  is  formulated  by  means 
of  a differential  equation  with  random  coefficients,  and 
detailed  analysis  of  vertical  vibrations  of  the  system  travelling 
with  small  random  velocity  fluctuations  is  performed.  An 
analytical  expression  for  response  spectral  density  is  obtained 
in  a relatively  simple  form  for  a general  case,  and  this  is 
used  in  calculation  of  the  effect  of  randomly -varying  velocity 
on  a system's  response  in  particular  cases  relevant  to  vehicle 
dynamics. 


ROTORS 

(Also  see  No  15821 


77-1708 

I iidenilamlin"  Hcxililc  Kotor  Critical  Spwds 

P.  Kirlan 

Steam  Turbine  Div.,  TurboHyne  Corf),,  Wnllsville, 
NY,  hyiirouartion  Proccssini),  (5),  fjp  209  212 
(May  1977)  8 figs,  9 refs 

Key  Vyrr-ds:  Critical  speeds.  Flexible  rotors 

An  unbalance  (synchronous  response)  calculation  provides 
a direct  indication  of  the  speeds  at  which  peak  amplitudes 
and  bearing  forces  occur.  These  are  called  unbalance  critical 
speeds.  Design  considerations  involving  critical  speeds  are 
discussed. 


77-1709 

A Study  of  Feedback,  Klade  and  Hub  Parameters 
on  Hap  Ib-nding  Due  to  Non-l'niforin  Kotor  Disk 
Turbideuee 

G.H.  Gaonkar  and  A.K.  Subramanian 
Dept,  of  Mathematical  Studies,  School  of  Science  and 
Tech.,  Southern  Illinois  Univ.,  Edwardsville,  IL 
62026,  J.  Sound  Vih.,  5J.  (4),  fifi  501-515  (Apr  22, 
1977)  10  figs,  22  refs 

Key  Words:  Rotors,  Blades,  Disks,  Turbulence,  Fluid- 

induced  excitation 

The  effects  of  non-uniform  (vertical)  turijulence  in  the  rotor 
disk  are  further  studied  with  reference  to  comprehensive 
hingcless  rotorcraft  during  "low-lift  high  advance  ratio" 
operations.  The  analysis  is  based  on  linear  quasi-steady  aero- 
dynamics including  reverse  flow,  and  on  the  assumption  that 
the  flow  in  the  rotor  plane  is  not  appreciably  influenced  by 
random  vortices  shed  from  me  blades 


77-1710 

The  Kffcct  of  Spin  on  the  Non-1. incar  KesonanI 
Motions  of  a Dynaniical  SysTeiii 

M.R.M  C.  Da  Silva 

Dc()t.  of  Engrg.  Scit?nce,  Univ.  of  Cincinnati,  Cin 
cinnati,  OH  45221 , J.  Sound  Vib.,  M (2),  ()p  201-209 
(May  22,  1977)  6 figs,  10  refs 

Key  Words:  Perturbation  theory.  Resonant  response.  Rotors 

The  motions  of  a two  degree  of  freedom  mechanical  oscil- 
lator in  a state  of  internal  resonance  due  to  the  non-linear 
coupling  between  its  modes  are  analyzed  by  the  method  of 
multiple  scales.  The  system  is  connected  by  a motor  to  a 
vertical  shaft  driven  at  a constant  spin  rate  relative  to  inertial 
space 


77-171 1 

Dynamic  Bcliaviour  of  Tliin  (.ylin<irical  SlictI  Kolal- 
ing  wifli  Ilifrb-Speed 

S.l.  Suzuki 

De|)t.  of  Aeronautics,  Nagoya  Univ.,  Chikiisaku, 
Nagoya,  Japan,  Ing.  Arch.,  ^ (2),  PP  75-84  (1977) 
10  figs,  6 refs 

Key  Words;  Rotors,  Rotating  structures,  Cylindrical  shells. 
Rotation,  Velocity 

The  dynamic  behavior  due  to  abrupt  changes  in  the  angular 
velocity  of  rotating  simply  supported  thin  cylindrical  shells 
is  investigated.  Donnel's  equation  is  used  and  the  solution  is 
obtained  by  Laplace  transformation.  The  effects  of  siiearing 
forces  and  rotatory  inertia  are  assumed  to  be  negligible. 


77- 1712 

Theoretical  Diwnssions  on  Vibrations  of  a Rotating 
Shaft  with  .Nonlinear  Spring;  (Iharacterislics 

I . Yariatnolo  and  Y.  Ishida 

Dof)t.  of  Mech.  Engrg.,  Nagoya  Univ,,  Cbikusa-ku, 
Nagoya,  Japan,  Ing.  Arch.,  46,(2).  pp  125-135  (1977) 
4 figs,  1 talde,  1 4 refs 

Key  Words:  Rotors,  Shafts,  Springs  (elastic).  Forced  vibra- 

tions 

Various  kinds  of  nonlinear  forced  oscillations  may  appear, 
when  the  restoring  force  of  a rotating  shaft  has  nonlinear 
spring  characteristics.  A rotating  shaft  system  with  gyro- 
scopic moments  acting  does  not  experience  rectilinear 
lateral  vibrations  of  the  shaft  but  a whirling  type  of  motion. 
The  nonlinear  spring  characteristics  of  the  shaft  are  assumed 
to  be  distributed  two-dimensionally  and  polar  coordinates 
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are  used  for  their  representation.  Nonlinear  spring  charac- 
teristics expressed  in  polar  coordinates  may  be  characterized 
by  a component  with  a constant  value  and  other  compcnents 
magnitudes  vary  1,  2.  3,  4.  ...  times,  during  a single 
whirl  ot  the  shaft  around  its  equilibrium  position.  This  type 
of  representation  gives  a clear  description  of  the  phenomena 
of  nonlinear  forced  oscillations  and  aids  in  tha  prediction  of 
their  occurrences.  The  present  discussion  centers  on  the  sub- 
harmonic oscillation  of  order  1/3  of  forward  precession  as 
a representative  case.  Other  kinds  of  nonlinear  oscillations 
are  discussed  briefly.  Exp>erimental  results  of  previous  reports 
may  clearly  be  explained  in  the  light  of  the  results  of  this 
paper. 


SHIP 


77-l7i:< 

Sliipboard  Noise  and  Vibration 

A. A.  McQueen 

Shipbuilding  Div.,  Dept,  of  Industry  and  Commerce, 
Australia,  Vibration  and  Noise  Control  Engint^ering, 
Proceedings,  Sydney,  Australia,  p|)  115-116  (Oct 
1112, 1976) 

Key  Words:  Ships,  Engine  vibration.  Engine  mounts.  Ship- 

board equipment  response.  Vibration  control 

The  importance  of  noise  and  vibration  in  ship  design  and 
operation  is  described.  The  main  sources  of  noise  and  vibra. 
tion  are  presented  together  with  methods  of  treatment. 


of  human  comfort  for  the  crevy,  rational  studies,  related  to 
the  integral  treatment  of  static  and  vibratory  (free  and 
forced)  phenomena  of  the  ship  and  her  propulstve  plant, 
have  been  undertalten  for  tfie  concerned  series  of  ships.  The 
main  items  studied  and  results  obtained  are  reported. 


77-1715 

Vibration  Kxrilalion  Forres  from  a Cavitaiin^  Pro- 
peller. Model  and  Full  Seale  Tests  on  a High  Speed 
Conlauier  Ship 

C A.  Johnsson.  O.  Rutgersson,  S.  Olsson,  and  0, 
Bjorhuden 

Swedish  Statt;  Shifjljuilding  Exfmrimerual  Tank, 
Goteborg,  Sweden,  Rept.  No  Pub  78,  53  Pf>  (19761 
{(irosented  at  the  Syittp.  on  Naval  Elydrodynamics 
(11th)  London,  UK  (Mar  28-Apr  2,  1976)) 

PB-264  956/4GA 

Key  Words:  Cargo  ships.  Vibration  measurement 

In  connection  with  the  technical  trials  with  the  triple  screw 
container  ship  M/S  Nihon  measurements  of  pressure  fluctua- 
tions and  observations  of  propeller  cavitation  were  carried 
out.  In  the  present  report  the  results  are  compared  with  the 
corresponding  results  from  tests  in  cavitation  tunnel.  The 
companson  also  includes  some  results  of  theoretical  calcula- 
tions. The  measurements  of  full  scale  vibration  are  analyzed 
and  compared  with  criteria  of  comfort.  The  results  of  the 
investigation  are  summarized  at  the  end  of  the  repoit.  In  an 
Appendix  the  different  methods  used  for  analyzing  the 
measurements  of  pressure  fluctuations  are  described  and 
compared. 


T7-ITI4 

Studies  Leading  to  Vibration  and  .Noise  Free  Ships 

G.C.  Volcy  and  M.  Nakayafi^a 

Rc'search  and  Technical  Advisory  Services  Div.  of 
Bureau  Veritas  Maritime  Derits.,  Paris,  Franco, 
Vit)ration  and  Noise  Control  Enqineerintj,  Proceed- 
inqs,  Sydney,  Australia,  pp  86-90  (Oct  1 1 12,  1976) 
7 figs,  7 refs 

Key  Words:  Ships,  Vibration  control.  Noise  reduction 

The  building  of  sophisticated  types  of  ships  having  various 
operational  tasks  to  fulfill,  often  imposes  rational  solution 
of  phenomena  of  sometimes  contradictory  character.  So  it 
was  the  case  with  a series  of  speedy  hybrid  roll-on/roH-off 
(ro-ro)  container  ships.  On  such  vessels  the  relatively  com- 
plicated internal  steel  work  of  the  hull  girder  is  exposed  to 
the  excitations  of  the  powerful  propulsive  installation  hence 
the  possibility  of  appearance  of  vibrations  and  noise  To 
assure  norma)  operational  conditions  of  the  vessel  by  struc- 
tural and  machinery  reliability  and  to  meet  the  requirements 


77-1716 

Spheriral  .Arnlic  Plastic  Hulls  I iidcr  Kxtcrnal  Kx- 
plosive  Loading 

J 0.  Stachiw 

Ocoan  Tech.  Dept  , Naval  Undersea  Center,  San 
Dieqo,  CA,,  J.  Enqr.  Indus.,  Trans.  ASME,  99  (2). 
pp  469  479  (May  19/7}  16  figs,  4 tables,  18  refs 


Key  Words 
sion  effects 


Spherical  shells.  Submerged  structures,  Explo- 


NEMO-type  acrylic  spherical  hulls  have  been  subjected  to 
underwater  explosions  in  order  to  determine  their  resistance 
to  hydrodynamic  impulse  loading.  Six  T5-in.  OD  and  one 
66-in.  00  spheres  have  been  subjected  to  explosions  of 
sufficient  magnitude  to  initiate  fracture  in  the  hull.  The 
tests  were  conducted  at  simulated  depths  of  10,  100,  1000, 
and  2000  ft  utilizing  explosive  charges  of  1.1,  8.2,  14.6, 
169.9,  387.8,  and  688.6  grams.  Test  results  are  given. 
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SPACECRAFT 

(Also  see  Nos.  1570,  16251 


77-I7J7 

Near  Kesouant  \ ibratioii  Tests  of  an  Orbilinw  Flex- 
ible Spacecraft:  Tbeorv,  Design  aiul  Simulation 

S.C.  Garg 

Inst,  for  Aerospace  Studies,  Toronto  Univ  , Ontario, 
Canada,  Rept.  No.  UTIAS'204,  CN-ISSN-0082- 
5255,  183  pp  (Nov  1976)  refs 
N77  20i58 

Key  Words:  Spacecraft,  Vibration  tests 

A proposed  dynamics  experiment  is  presented  on  the  joint 
U.S. /Canada  Communications  Technology  Satellite.  The 
experiment  is  to  excite  the  spacecraft  in  flight  by  means 
of  thrusters  and  measure  dynamic  response  characteristics 
using  accelerometers,  and  to  compare  the  results  with  an 
analytical  model  of  the  flexible  spacecraft  dynamics.  A 
pulse-train  input  is  designed  which  is  intended  to  be  as  close 
as  possible  to  the  spacecraft  natural  frequency,  response 
to  it  of  the  spacecraft,  which  is  actively  controlled,  is  explor- 
ed by  means  of  simple  theory  as  well  as  a detailed  digital 
attitude  control  simulation,  to  which  flexible  dynamics 
blocks  were  added.  Inputs  slightly  off  resonance  are  also 
considered. 


77-1718 

Finile-Floiiu'nt  Analysis  of  CTS-lake  Flexible  Spaee- 
erafl 

P.K.  Nguyen  and  P.C.  Hughes 

Inst,  for  Aerospace  Studies,  Toronto  Univ,,  Ontario, 

Canada.  Rept.  No.  UTIAS-205,  CN-ISSN-0082- 

5255.  108  pp  (June  1976)  refs 

Sponsored  by  the  Dept,  of  Communications,  Ottawa 

N77-20157 

Key  Words:  Spacecraft,  Dynamic  structural  analysis.  Finite 
element  technique 

The  dynamics  of  a class  of  non  spinning  flexible  spacecraft 
were  studied.  The  spacecraft  consists  of  a relatively  rigid 
center  body  to  which  a number  of  flexible  appendages  are 
rigidly  attached.  The  center  body  has  pitch,  roll,  and  yaw 
attitude  motion.  Deformations  of  the  appendages  are  as- 
sumed elastic,  small  in  amplitude,  and  are  studied  via  a finite 
element  analysis.  Using  a transformation  from  distributed 
displacements  to  finite  element  displacements,  the  angular 
momenta  and  moments  of  inertia  of  the  flexible  appendages 
are  expressed  in  terms  of  elemental  inertia  matrices. 


77-1719 

Spare  SliiiUie  KespoiiM»  lo  Aeoiistie  ( .oiiibiislioii 
liistabilily  in  the  Soliil  Korket  Boosters 

I .R. Jensen 

Bacchus  Works,  Hercules,  Iru  , Magna,  UT.,  Rept  N« 
AFRPt_-TR-76-b2,84  pp  (June  1976) 

AD-A037  157/5GA 

Key  Words:  Space  stations.  Sound  pressure.  Combustion 

excitation.  Booster  rockets.  Computer  programs 

Response  of  the  Space  Shuttle  vehicle  to  unstat)le  acoustic 
pressure  oscillations  in  the  solid  rocket  boosters  was  calcu- 
lated. The  NASTRAN  computer  program  was  used  to  analyse 
the  various  finite  element  shuttle  models.  A detailed  finite 
element  model  of  the  solid  rocket  motor  was  constructed 
for  use  with  the  cyclic  symmetry  option  in  NASTRAN.  The 
models  were  analyzed  separately  and  results  were  combined 
to  represent  the  total  structure  by  using  a mechanical  im- 
pedance-type approach.  Some  hand  calculations  were  per- 
formed to  estimate  the  axial  connection  point  force  and  dis- 
placement. The  good  agreement  between  hand  calculation 
and  computer  solution  provided  some  confidence  in  the 
computer  solution 


77-1720 

Flight  Fxperiment  Driiionstraliiig  Kxistfiirr  of 
Re-F,ntry  Vehicle  \os<*tip  Transient  Shock  \^aves 

J.M.  Cassanto,  A.  Monfort,  and  C Fehl 
Genera)  Electric  Co.,  Philadelphia,  PA.,  J Spacecraft 
and  Rockets,  1_4  (6).  r^P  365-369  (June  1977)  1 1 figs. 
1 7 refs 

Key  Words:  Re-entry  vehicles.  Shock  response 

A flight  experiment  to  demonstrate  the  existence  of  nose- 
tip  transient  shock  waves  (oscillating  shocks)  hr.s  been  con- 
ducted successfully  on  a re-entry  vehicle  that  contained  a 
high-frequency-response  pressure  sensor.  The  pressure  sensor 
was  a solid-state  device  located  18%  of  the  re-entry  vehicle 
length  from  the  nosetip.  The  nosetip  ablated  shape  was 
mapped  utilizing  recession  sensors.  A wind-tunnel  test 
program  was  conducted. 


STRUCTURAL 

(Also  soe  No  1551) 


77-1721 

Natural  Krerjiioncies  of  Sliffcncd  Hox  Siniiturps 

W.J  T.  P.iniel  and  R J.  Hooker 

Dept,  of  Mech,  Engrq.,  Univ  of  QLioensIjnci,  Australia. 


Vibration  and  Noise  Control  Engineering,  Proceed 
ings,  Sydney,  Australia,  pp  1 5 (Oct  11  12,  1976) 
3 figs,  3 tables,  19  refs 

Key  Words:  Box  type  structures.  Stiffened  structures. 

Natural  frequencies.  Finite  element  technique 

Natural  frequencies  of  stiffened  box  structures  are  calculated 
by  the  finite  element  method  and  compared  with  measure- 
ments on  experimental  models.  The  finite  element  solution 
strategy  is  discussed. 


77-1722 

Mcasur**rn<*n(  of  (lie  Vibralioii  ol  Large  Siriieliires 

B.  Dorien  Brown  and  B.H.  Meldriirn 
National  Measurement  Lab  , CSIRO,  Australia, 
Vibration  and  Noise  Control  Engineering.  Proceed- 
ings, Sydney,  Australia,  pp  6-10  (Cut  11-12,  1976) 
2 figs,  10  refs 

Key  Words:  Dynamic  structural  analysis.  Measurement 

techniques.  Measuring  Instruments 

The  paper  discusses  the  measurement  and  analysis  of  the 
vibration  of  large  structures.  It  sets  out  the  Instrumentation 
requirements  and  describes  signal  conditioning  equipment 
designed  to  satisfy  these  requirements.  Measurement  tech- 
niques are  discussed  Including  natural  and  artificial  excitation 
of  structures,  the  use  of  multi-channel  measurements  to 
determine  mode  shapes,  and  on-  and  off-site  calibration. 
Methods  of  analysis  of  records,  including  visual  and  com- 
puter-aided techniques  are  mentioned.  Reference  Is  made 
to  measurement  methods  and  techniques  used  by  the  authors 
and  colleagues  on  four  large  structures;  a radio-telescope, 
a solar  observatory,  an  oil  refinery  structure  and  a bulk 
cargo  unloader. 


TRANSMISSIONS 

(Also  see  Nos.  1550,  1556) 


Key  Words.  Hydrostatic  drives.  Computer  programs.  Dynam- 
ic response 

The  problems  occurring  In  the  calculation  of  dynamic  behav- 
ior of  hydrostatic  drives  are  described.  The  digital  computer 
is  recommended  as  the  suitable  aid  in  construction  and 
design.  The  requirements  for  the  digital  computer  program 
are  listed  and  the  most  important  parts  of  the  program  are 
discussed. 


TURBOMACHINERY 

(Also  see  No.  1 598) 


77-1721 

liivesli^alioii  of  llie  Slaliilily  of  Operaliii;'  Points  of 
S<‘lf-Coiilrollpil  Kuiiiiiii^  Turboinarliines  (I  iilcrsiirli- 
iiiig  /iir  Stabililal  von  Arix-ilspmilvleii  sclb.slrpgrlml 
betripboner  kr«‘is<‘larb«Mlsina.s>’liiiu‘ii) 

E.  Pill/ 

Fadit)preirti  Vcrsorgungstuc(mik , Fdtlihochsctujle 
Braunsdiweig-Wolfenbiittel,  Siil/dahlimimor  Str  A&- 
48,  D-3340,  Wolfenbiittel,  Federal  German  Repi/blic, 
Ing  Arch.  ^(2),  pp  105-113  (1977)  5 figs,  6 refs 
(In  Gorman) 

Key  Words:  Stability,  Turbomacltinery 

Simple  conditions  are  given  for  stability  of  stationary  oper- 
ating points  of  self-controlled  running  turbomachines.  By 
restriction  to  sufficient  criteria  it  is  possible  to  decide  on 
stability  only  from  graphs  of  the  usual  characteristics  of  the 
turbomachine  and  the  plant. 


USEFUL  APPLICATION 

(S.>eNo  1600) 


77-172.3 

('.alriilalion  of  tbe  Dynaiiiir  lirhavior  of  High  C.apar- 
ify  Hydrostatic  Drives  (Reehnergestiit/.to  |{erpcliiiung 
des  dynaniischen  Verlialteiis  hydroslatiseber  \nliebe 
grosser  l.ieistHiig) 

R.  Schul/ 

Konstruirtion,  2^  (5),  i>p  179182  (May  1976) 
3 figs,  1 table 
I In  German) 
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